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I 

THE  PURPOSE  OF  THE  MANUAL  r 


This  manual  brings  together  knowledge  from  two  different  kinds  of  develop- 
ment organlzati'pns  Involved  In  finding  1ow-cost»  appropriate  solutions  to 
problems  In  the  third  World*-the  United  States  Peace  Corps  and  VITA »  Volun- 
teers In  Technical  Assistance.  ^  ' 

The  Peace  Corps  has  Information  to  share  about  grain  storage  based  on  the 
practical  field  experience. of  Volunteers  living  and  working  at  the  grass 
roots  level  In  numerous  countries.   VITA  contributes  the  technical  expertise 
of  Its  specialists.    Too  often»  It  seemsj  Innovative  techniques  for  small 
farms  do  not  reach  the  f1eld»  and  fleld^pproaches  too  often  are  applied 
only  in  the  area  where  they  were  developed.    True»  It  Is  good  to  design  a 
silo  which  Is  not  too  expensive  for  a  farmer  to  build.    It  Is  even  better 
to  plan  a  silo  which  Is  cheap  and  keeps  out  Insects.    But  of  what  value  Is 
the  plan  If  only  a  few  farmers  know  about  it?... or  If  other  farmers  cannot 
adapt  It  to  suit  their  needs?    It  was  to  bring  such  plans  and  new  Ideas  to 
farmers  worldwide  that  Peace  Corps  and  VITA  prepared  this  manual. 

Small  Farm  Grain  Storage  Is  a  how-to  manual.    It  Is  designed  as  a  working 
and  teaching  tool  for  development  workers  In  their  field  activities.  Grain 
storage  Information  Is  basic  and  straightforward;  It  Is  presented  In  a 
form  easily  adapted  to  on*the*job  needs.    The  manual  brings  together  In  one 
volume  the  basic  principles  of  grain  storage  and  the  practical  solutions 
currently  being  used  and  tested  around  the  world  to  combat  grain  storage 
problems.  ^Of  course^  It  Is  Impossible  In  a  single  publication  to  cover  all 
the  possible  storage  situations  In  the  world.    But  farmers  who  understand 
the  bas1c»  unchanging  principles  of  drying  and  storing  grain  can  adapt 
1deas»  suggestions^  and  technologies  from  another  part  of  the  world  to  their 
own  situations. 

This  manual  Is  the  first  of  a  planned  PC/VITA  series.    Future  manuals  will 
focus  on  such  areas  of  concern  as  reforestation »  fish  culture^  and  wells, 
construction. 
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THE  PEOPLE  WHO  PREPARED  THIS  MANUAL 


Small  Farm  Grain  Storage  Is  the  first  In  a  planned  sertos  of  publications 
comblnirtg  Peace  COrps  practical  field  experience  with  VITA  technical 
expertise  In  areas  In  which  development  workers  haVe  special  difficulties 
finding  useful  resource  materials. 

Since  1961  Peaf:e  Corps  Volunteers  have  worked  at  the  grass  roots  level  in 
countries  around  the  world  In  program  areas  such  as  agriculture,  public 
health,  and  education.    Before  beginning  their  two-year  assignments.  Volun- 
teers are  given  training  In  cross-cultural,  technical ,  and  language  skllTs. 
This  training  helps  them  to  live  and  work  closely  with  the  ptople  of  their 
host  countries.    It  helps  them,  too,  to  approach  development  ^>:'vblems  with 
new  ideas  that  make  use  of  locally  available  resources  and  are  appropriate 
to  the  local  cultures. 

Recently  Peace  Corps  established  an  Information  Collection  &  Exchange,  so 
that  these  idieas  developed  during  service  in  the  field  could  be  made 
available  to  the  wide  range  of  development  workers  who  might  find  them 
useful.   Materials  from  the  field  are  now  being  collected,  reviewed,  and 
classified  in  the  Information  Collection  &  Exchange  systf>im.    The  most  useful 
materials  will  be  shared  with  the  development  world.    The  Information 
Collection  &  Exchange  provides  j^n  important  source  of  field-based  research 
materials  for  the  production  of  how-to  manuals  such  as  Small  Farm  Grain 
Storage. 

VITA  people  are  specialists  who  volunteer  their  free  time  to  answer 
requests  for  technical  assistance.    Many  VITA  Volunteers  have  lived  and 
worked  in  other  countries,  often  as  Peace  Corps  volunteers.   Most  VITA 
people  now  work  in  the  United  States  and  other  developed  countries  where 
they  are  engineers,  doctors,  scientists,  farmers,  architects,  writers, 
artists,  and  so  on.    But  they  continue  to  work  with  people  in  other  countries 
through  VITA.   VITA  Volunteers  have  been  provldlnig  technical  assistance 
to  the  Third  World  for  more  than  15  years. 

Requests  for  technical  assistance  come  to  VITA  from  many  nations.  Each 
request  is  handled  by  a  Volunteer  with  the  right  skills.    For  example,  a 
question  about  grain  storage  In  latin  America  might  be  handled  by  a  professor 
of  agriculture,  and  a  request 'for  an  improved  planting  implement  would  go 
to  an  agricultural  engineer.   These  VITA  Volunteers,  most  of  whom  have  lived 
and  worked  in  Thj^rd  World  countries,  are  familiar  with  the  special  problems 
of  these  areas  and  are  able  to  give  useful,  and  appropriate,  answers. 

A  number  of  VITA  people  worked  on  the  Small  Farm  Grain  Storage  manual, 
providing  technical  review  and  artwork..  Many  thanks  are  due  to  the 
skilled  and  concerned  Peace  Cprps  and  VITA  people,  as  well  as  to  numerous 
others,  who  worked  to  make  this  manual  possible. 
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staff  assistance      John  Goodell  x 
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materials  on  section  4  —  Frederick  Buech^^ 

technical  review  —  Douglas  Barnes,  Merle  Esmay,  Henry  Highland, 
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Guy  Welch 

Thanks  are  also  extended  to  the  following  individuals  and  institutions 
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Brenda  Gates,  Peace  Corps  Information  Collection  and  Exchange,  USA 

Tropical.  Stored  Products  Center,  TPI,  Great  Britain 

Henry  Barre  and  Floyd  Herum,  Agricultural  Engineering  Department,  Ohio  State 
University,  USA 

Department  of  Grain  Science  and  Industry,  Kansas  State  University,  USA 

Agricultural  Research  Service,  Department  of  Agriculture,  USA 

Extension  Project  Implementation  Department,  Ministry  of  Agriculture,  Ethiopia 

F.M.  Bennett,  Midwest  Research  Institute,  USA 
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I RAT ,  France 
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HOW  TO  USE  THIS  MANUAL 


Development  workers  can  use  material  from  this  manual  In  a  number  of  ways 

.   Discussions.   The  manual  provides  clear  presentations  of  grain 
storage  principles  from  which  you  can  take  material  to  lead 
:  discussions  with  farmers  and  village  leaders. 

.    Demonstrations.   There  are  suggestions  for  demonstrations  and 
experiments  which  you  might  find  helpful  to  Illustrate  grain 
storage  principles  to  farmers. 

•   Leaflets.    Some  of  the  material  has  been  prepared  In  the  form 
of  illustrated  leaflets  which  can  be  used  directly  by  you  with 
a  fanner.    They  mav  require  little  or  no  adaptation  by  you.  But, 
if  you  prefer,  you  can  use  the  structure  of  the  leaflet  and 
substitute  photographs  specific  to  your  area.   The  material  on 
rodent  control  is  a  good  example,  of  this  kind  of  leaflet. 

.   Construction  Plans.   Many  of  the  construction  plans  have  been 
simplified  so  that  you  will  be  able  to  wdirk  more  closely  with 
the  fanner.    Some  of  the  plans  are  fully  Illustrated.   You  could 
add  photographs  of  the  work  steps  showing  conditions  in  your 
area.    It  is  likely  that  after  you  Introduce  the  material ,  far- 
mers can  follow  the  Instructions  themselves.   The  plans  are 
^written  so  that  they  would  be  easy  to  translate  Ihto  local 
languages.    The  Improved  Maize  Drying  Crib  U  a  good  example 
of  a  step-by-step.  Illustrated  presentation. 

.   Checklists.   Some  of  the  material  most  likely  to  be  useful  for 
smaii-scaie  fanners  has  been  simplified  and  pre[>i|red  in  checklist 
or  hand-Jut  fonii.   This  material  would  lend  itself  to  illustra- 
tions rjr  pantographs,  so  It  can  better  fit  Into  the  local 
situation.   The  checklists  on  controlling  grain  storage  Insect 
pests  are  in  this  cateflory. 

.   Exampl es .   The  appendices  contain  examples  of  leaflets  that  have 
been  prepared  by  development  workers  in  several  countries.  These 
examples  have  been  included  to  give  you  some  idea  vjf  how  the 
materials  In  thl'^  manual  might  be  organized,  lUitStrated,  trans-, 
lated,  and  presented  to  reach  farmers. 

.    Sources.   Wherever  possible,  addresses  are  given  so  that  you  can 
write  for  more  Information  on  a  subject. 


ix 
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.    Further  Information.   Other  appendices  contain  Information 
on  areas  which,  although  Important,  cannot  be  covered  fully 
within  the  scope  of  this  manual ,  for  example,  storage  pro- 
gram planning. 


These  are  some  of  the  alms  of  Small  Farm  Grain  Storage.   You  irt71  probably 
find  added  uses.   While  It  Is  not  possible  to  make  tnis  manual  specific 
to  the  situations  or  culture  of  your  particular  area,  the  Information  Is 
presented  so  that  you  can  do  this  very  easily  by  making  additions  or  substi- 
tutions to  the  ;;iater1al. 

For  your  convenience,  the  pages  In  each  part  of  the  manual  are  numbered 
Independently  from  those  In  the  other  parts.   Key  Infonnatlon  Is  often 
Included  In  more  than  one  section  so  that  all  the  facts  needed  to  discuss 
a  subject  can  be  found  easily  without  searching  through  the  manual.  Plans 
can  be  removed  for  copying  and  reworking  to  fit  your  needs. 

Dimensions  are  given  In  metric  units  In  the  text  and  Illustrations.  Con* 
version  tables  follow  Appendix  F. 

This  manual  will  grow  and  change  as  Its  readers  and  users  send  In  addl* 
tlonal  material*  coninents»  and  ideas  for  new  approaches  to  grain  storage 
problems  and  better  ways  to  coniminicate  with  farmers.   Your  own  Ideas  and 
a>nc1us1ons  are  welcome*  and  forms  have  been  provided  for  your  comrnents  at 
several  locations  In  the  manual-   So»  please  send  In  the  results  of  your 
silo  or  dryer  building.   Let  us  know  how  you  used  the  manual  and  how  the 
Information  coMid  be  made  even  more  useful  to  you.   Tell  urhow  you  changed 
a  plan  to  fit  local  needs. 

Your  experience  will  help  us  to  produce  manuals  of  growing  usefulness  to  the 
world-wide  development  community. 

/ 

REPLY  FORM  - 

For  your  convenience,  a  reply  form  ha<  been  provided  here.   Please  send  It 
In. and  let  us  know  how  the  manual  has  helped  or  can  be  made  more  helpful. 
If  the  reply  .form  Is  missing  from  your  copy  of  the  manual,  just  put  your 
comments,  suggestions,  descriptions  of  problems,  etc.i  on  a  piece  of  paper 
and  send  them  to:  ' 

GRAIN  STORAGE 
3706  RH006  ISLAND  AVENUE 
HT.  RAINIER,  MD  20822 
U.S.A.  ' 


PLEASE  RETURN  THIS  FORM 


NOTE  TO  THE  USER:    This  manual  was  published  because  Peace  Corps  and  VITA 
people  wish  to  help  In  a  problem  area  of  worldwide  concern.    In  order  to 
provide  the  most  effective  help,  the  authors  need  to  know  how  the  manual 
Is  being  used  and  how  you  feel  It  can  be  made  even  more  responsive  to 
your  needs.    Please  fill  In  the  following  form  and  return  It  to*' 


WHEN  WE  RECEIVE  THIS  FORM.  WE  WILL  AUTOMATICALLY  PLACE  YOUR  NAME  ON  A 
MAILING  LIST  SO  THAT  YOU  WILL  RECEIVE: 

1.    Updates  and/or  additions  and  corrections  to  the 
manual  as  they  become  available. 


If  yeu  have  questions  on  the  material  presented  1n  the  manual,  or  If 

you  run  Into  problems  Implementing  the  suggestions  offered  here,  please 

note  them  In  the  space  provided.    Use  additional  paper  If  you  have  to 

in  order  to  be  as  specific  as  you  can  about  the  problem.   Wherever  possible, 

the  authors  will  try  to  provide  or  direct  you  to  an  answer. 


Your  Address 


1.   How  did  you  find  out  about  the  PC/VITA  Grain  Storage  Manual?  How  did 
you  get  your  copy? 


2.   Which  parts  of  the  Grain  Storage  Manual  have  you  found  most  useful? 
Least  useful?  Why? 


GRAIN  STORAGE 

3706  RHODE  ISLAND  AVENUE 

MT.  RAINIER,  MD  20822 

U.S.A. 


2. 


Notice  'of  other  publications  which  may  be  of 
Interest  to  you. 


Date 


Your  Name 


Your  Company  or 
Agency,  If  any_ 
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3.    Old  you  find  the  Hanual  easy  to  read,  too  simple  or  complex, 
complete  or  Incomplete? 


4.   How  has  this  manual  helped  your  work?  What  have  you  done  to  apply 
the  Information? 


5.   Which  plans  have  you  used?   Old  you  make  changes  In  any  of  the  plans? 
(For  example,  when  you  were  building  a  dryer  or  a  silo,  did  you 
,  substitute  any  building  materials  for  the  ones  mentioned  In  the  plans?) 
If  you  made  changes,  please  describe  what  you  did  that  was  different. 
Include  photos,  sketches,  etc..  If  possible  or  Important. 


6.   Can  you  recomnend  additional  methods  or  equipment  which  you  feel 
should  be  Included  In  a  new  edition  of  the  Manual?   If  you  do  know 
of  such  methods,  etc..  please  Include  the  Information  here. 


What  were  your  successes  using  the  Hanual  or  Implementing  any  of  the 
plans?  Problems?  Please  describe  arty  successes  or  problems  completely. 


8.    Do  you  have  other  recommendations  for  following  editions  of  this  Hanual? 


x11 
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PC/ VITA  GRAIN 
STORAGE  MANUAL 
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WHAT  THIS  MANUAL  WILL  TALK  ABOUT: 
THE  GRAIN  STORAGE  PROBLEM 


INTRODUCTION 


Farmers  all  over  the  viorld  lose  much  of 
their  grain  after  It  Is  harvested.  Farmers 
work  hard  to  plant  and  grow  crops.  And 
often  they  do  not  receive  good  returns 
for  their  time  and  effort.    The  grain  Is 
attacked  In  the  field  and  in  storage  by 
Insects*  rodents,  birds,  and  other  pests. 
The  grain  that  pests  do  not  eat,  they  make 
dirty  with  tielr  droppings  and  their  bodies. 

Fanners  have  lived  with  these  problems 
for  hundreds  of  years.   So  they  have 
developed  ways  to  deal  with  them. 
Many  old  ways  are  wasteful ,  but  a 
number  of  the  old  methods  are  good 
and  must  be  kept  until  they  can  be 
replaced  or  Improved. 

In  recent  years,  however,  the  grain 
storage  problem  has  changed  (and.  In 
some  cases,  temporarily  worsened)  as 
steps  toward  full  development  have 
been  taken.   For  example,  now  there 
are  new  seed  varieties  which  grow  faster 
and  yield  more  grain.   Fanners  plant  these 
new  seeds >  and -this  grain  is  ready  for 
harvesting  earlier  than  It  used  to  be. 
This  grain  is  ready  to  be  harvested  during 
the  rainy  season.   The  farmer  has  always 
dried  his  crops  in  the  sun,  but  there  may 
be  little  sun  during  this  season.  Also, 
It  Is  likely  this  new  variety  of  grain  must 
not  be  left  to  dry  In  the  field?  If  this 
grain  dries  too  long  In  the  field.  It  will 
shatter  (break).    But  if  the  fanner  brings 
the  grain  from  the  field  and  stores  it 
before  bringing  the  moisture  content  of 
the  grain  down  to  13%  or  lower,  the  grain 
win  rot  and  mold. 
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The  farmer  must  find  a  way  to  dry  his  gra1n» 
store  It  safely,  and  plant  another  crop 
all  In  the  tline  he  used  to  put  In  on  one  crop. 
His  many  old  methods  must  be  changed  to  help 
with  new  problems. 


The  Problem 

The  basic  question  then  is  how  to  help  fanners  protect  their  grain  from 
attack.    The  answer  must  be  to  give  the  fanner  enough  Information  about 
harvesting,  drying,  storing.  Insects,  rodents,  and  molds  so  that  he  can 
fight  the  problems  successfully.    No  one  can  find  answers  to  problems 
without  having  enough  information  about  the  subject. 

Farmers  need  to  know  that  there  are  steps  they  can  take  to  protect  their 
own  grain.    Perhaps  a  fanner  can  save  significant  quantities  of  grain 
by  making  a  simple  change  In  the  way  he  Is  doing  things  now.  Perhaps 
there  Is  another  way  of  drying  or  of  storing  which  fits  Into  his  situation 
well.    A  fanner  needs  to  be  presented  with  ideas  that  can  be  demonstrated, 
that  make  sense  to  him,  and  that  fit  Into  his  life  easily.    This  Is  done 
by  supplying  technology  and  help  which  Is  appropriate,   with  this  kind 
of  help,  change  for  the  better  Is  more  likely  to  take  place. 

The  following  chapters  offer  many  Ideas  about  the  grain  storage  problem. 
The  materials  have  been  prepared  to  make  them  easier  for  you  to  use 
in  your  work.    The  manual  shoulcl  help  you  get  Information  to  those 
farmers  who  most  need  it. 
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GOOO  GRAIN  STORAGE  IS  IMPORTANT  TO  FARMERS 


When  people  in  univerTTrfev^nd  govermnent  agencies  talk  about  storage, 
they  are  discussing  a  serious  subject.   They  talk  about  socfrfact^  ^ 
these: 

Approvlmately  30%  of  grain  In  storage  all  over  the  world  is 
being  lost  because  of  Insects,  rodents,  and  molds. 

improving  grain  storage  vrould  mean  a  higher  standard  of 
living,  less  hunger,  Improved  nutrition  for  the  Individual, 
and  a  sounder  econorny  for  the  nation. 

.   quality  grain  for  international  trade  Is  of  increasing  Im- 
portance. 

.    improper  storage  of  grain  leads  to  weight  loss,  monetary 
loss,  seed  loss,  quality  loss,  food  loss. 

These  concerns  are  real.  And  there  Is  a  definite  need  for  people  to 
deal  with  grain  storage  questions  at  this  level.  Many  new  Ideas  and 
plans  result  from  the  testing,  thinking,  and  planning  being  done  all 
over  the  world  by  scientists,  teachers,  and  researchers. 

But  when  small  famers  talk  about  grain  storage  problems,  they  are 
talking  about  their  livelihood.   And  there  are  some  very  Important  reasons 
why  grain  storage  questions  are  of  concern  to  them. 


Food  for  the  Family 

Grain  Is  very  likely  the  single  most  important 
thing  eaten  by  the  farmer  and  his  family. 


Whether  It  Is  maize,  wheat,  rice,  millet,  or 
sorghum,  it  is  Important  for  his  family.  The 
farmer  may  not  think  about  grain  losses  and 
use  words  like  quality  and  quantity.    But  he 
can  see  that  insects,  rodents,  and  molds  ruin 
a  lot  of  his  grain,  and  that  there  Is  not  as 
much  for  his  family  to  eat.    He  can  taste 
the  difference  between  clean  grain  and  grain 
which  has  been" damaged-by-moMT — Farmers  feel-  .  . 
the  loss  of  grain  and  the  need  for  better 


storage  when  they  run  out  of  grain  for  food 
before  the  next  harvest.    Then  they  must  use 
what  little  money  they  have  to  buy  food.  Or 
they  must  borrow  against  the  next  crop  and 
start  out  In  debt. 
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Another  food  loss  Is  harder  to  measure.   But  It  Is  real.    Some  Insects 
eat  out  the  best  parts  of  the  grain.   These  are  the  parts  which  contain 
the  vitamins  and  minerals  which  make  grain  the  healthy  food  It  Is.  The 
farmer  may  not  see  this  loss.    But  he  should  be  told  about  It.    Lack  of 
nutritious  food  can  lead  to  sickness  and  more  problems. 


Seed  for  Planting  —  —  

Part  of  the  harvested  grain  Is  the  seed  for  the  ^ 
next  crop.   The  fanaer  must  let  the  seeds  rest 
In  a  cool*  dry  place  before  he  plants  them. 
Poor  storage  of  seed  grain  means  that  some  of 
the  seeds,  or  many  of  them,  will  not  germinate 
(grow)  when  they  tire  planted.    If  the  seeds  are 
not  stored  well,  the  fanner  will  have  to  plant 
many  extra  seeds  to  get  enough  plants.  Often 
seed  grains  that  have  not  been  stored  well  do 
not  grow  well:  they  may  grow  at  different  speeds. 
This  causes  problems  with  cultivating  and  har- 
vesting the  grain. 


Money  to  Fill  Needs 

A  fanner  usually  must  buy  some  of  the  tools  and  equipment  he  needs  for 
home  and  farm  use.   He  may  need  to  purchase  corrugated  metal  sheets  for 
building,  metal  pots  for  cooking,  metal  tools  for  farming,  or  cloth  for 
making  clothes.   To  get  Items  which  he  cannot  make  himself,  the  farmer  . 
has  to  offer  money,  or  he  has  to  barter.   Most  farmers  sell  the  grain  they 
do  not  use  for  food  or  seed  to  get  money.   Or  they  trade  the  grain  for 
the  things  they  need.  a 


Because  of  poor  drying  and  storage  facilities,  farmers  cannot  keep  their 
grain  safely  for  any  period  of  time.  They  are  forced  to  sell  the  grain 
soon  after  harvest.  The  prices  are  low  at  this  time  because  no  emrneedy 
grain.  Everyone  Is  harvesting,  and  there  Is  plenty  of  grain  available. 
Until  the  farmer  can  dry  and  store  his  grain  safely,  he  Is  not  going  to 
grow  much  more  than  he  needs  for  his  family.  This  lack  of  safe  storage 
means  that  total  proouctlon  of  grain  remains  low. 
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St  fanners  will  not  think  in  terms  of  country-wide  production.  But 
they  will  have  in  mind  some  things  they  would  like  to  do  if  they  had 
more  money.   Good  grain  storage  can  lead  to  more  food,  more  money,  better 
seed,  and  a  better  future. 


GRAIN  IS  A  LIVING  THING 


Grain  has  certain  characteri^ics  which^farmers  must  understand  if  they 
are  to  be  able  to  dry  and  store  their  gratrrwell.  Here  are  some  of  the 
characteristics  of  grain  which  will  be  discussed: 

'    .  Growth  of  seed  grain. 

.  Protection  of  the  kernel  by  the  seed  coat. 

.  Respiration  (breathing)  of  grain  kernels. 

.  Moisture  (water)  in  grain  kernels. 

.  Moisture  movement  between  grain  and  air. 

Farmers  know  a  lot  about  planting  and  growing  grain.    But  most  farmers 
will  not  think  about  grain  in  all  the  ways  listed  above.    If  they  do 
become  aware  of  these  characteristics  of  grain,  the  reasons  for  good 
grain  storage  are  going  to  make  a  lot  more  sense  to  them.   And  farmers 
are  going  to  be  able  to  do  more  toward  solving  their  own  problems. 


WHAT  HAPPENS  TO  GRAIN  IN  STORAGE 


Keeping  grain  safe  in  storage  depends  upon 
a  number  of  things.   Moisture,  tanperature, 
insects,  and  molds,  for  example,  all  can 
cause  changes  in  grain  put  into  storage. 
All  factors  which  are  most  important  to  good 
grain  storage  are  presented  in  the  following 
paragraphs-,  some  are  discussed  In  greater 
detail  in  other  places  in  the  manual. 
REMEMBER:  all  of  the  following  points  are 
related  to  one  another. 
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Insects 


Insects  and  their  part  In  grain  storage  are  the  subject  of  another  section. 
It  Is  an  Important  section.    Insects  eat  and  ruin  a  lot  of  grain.  Because 
they  grow Jnside  the  grain  kernels,  some  Insects  are  not  found  In  grain 
until  after  they  liave  done  a  lot  of  damage.   The  section  on  Insects  will 
give  Information  on  the  major  grain  storage  Insects,  on  where  to  look  for 
them,  and  on  how  to  control  them. 

Insert  activity,  and  the  damage  which  results  from  this  activity.  Is 
closely  related  to  temperature  and  moisture  In  stored  grain.    It  only  takes 
a  few  insects  in  the  right  conditions  —  for  example.  In  warm,  moist 
grain  —  to  make  enough  moisture  and  heat  so  that  large  numbers  of  Insects 
can  grow.   More  insects  will  make  more  heat  and  water,  and  so  on.  They 
create  the  right  conditions  for  the  growth  of  molds. 


Molds  are  ^ery  small  plants.   They  are  so  small  they  cannot  be  seen  on 
grain,  but  they  are  always  there  on  the  grain  kernels.    In  warm,  moist 
grain«  they  will  germinate  (grow)  and  produce  threads  called 
hyphae.   These  hyphae  push  through  the  seed  coats  of  grain  kernels  and 
attack  the  embryos  of  the  grains.   Holds  cause  damage  In  a  number  of  ways: 

.   They  produce  chemicals  called  enzymes  which  can  stop  seeds 
from  germinating  and  growing  into  new  plants. 

.   They  decrease  the  quality  of  the  grain  for  food  and  for 
market. 

.    Some  molds  produce  chemicals  which  can  poison  people. 

Farmers  certainly  are  familiar  with  the  sight  and  smell  of  grain  damaged 
by  mold.    But  they  are  probably  not  aware  of  the  conditions  that  lead  to 
-jnoLding.  and_ they  may  not  know  what  they  can  do  to  protect  their  grain 
from  inold.   Helpful  Information  and  suggestions  are  presented  later. 


Molds 
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Moisture  Content  (Wetness) 

Drying  grain,  and  keeping  It  dry  In  storage.  Is  the  most  Important  part 
of  good  storage.   Many  problems  of  grain  storage  are  caused  by  moisture. 
Both  grain  and  air  have  moisture,  and  they  act  together  in  ways  that  are 
Important  to  understand.   Therefore,  a  following  section  discusses 
moisture  content  In  grain  and  In  the  a1r>  It  also  explains  how  moisture 
In  grain  and  moisture  In  the  air  are  Important  to  each  other. 


Temperature 

There  are  two  temperatures  which  are  Important.   Dne  Is  the  outside 
temperature  of  the  air;  the  other  Is  the  temperature  of  the  air  and  grain 
In  the  storage  place. 

It  Is  easier  to  store  grain  In  areas  where  the  air  temperature  Is  low  or 
never  gets  too  hot.  In  very  cold  weather.  Insects  and  molds  do  not  grow 
very  quickly,  or  at  all.    Seeds  do  not  breathe  as  much. 

In  warm  places,  the  grain  Is  warm  when  It  Is  put  Into  storage.   Then,  as 
the  outside  temperatures  go  iip,  the  temperature  In  stored  grain  Is  likely 
to  get  even  higher.   When  the  temperature  In  the  grain  goes  up,  certain 
things  start  happening: 

.    Insects  start  growing  and  breeding. 

.   Hold  spores  start  multiplying. 

.   Molds.  Insects,  and  grains  all  live  and  breathe  faster, 
causing  heat,  water,  and  carbon  dioxide  to  Increase  in 
the  stored  grain. 

Even  In  this  brief  look  at  temperature.  It  Is  easy  to  see  the  need  for 
keeping  grain  cool  and  dry.    Keeping  storage  containers  protected  from 
the  hot  sun  Is  Important.   Farmers  who  understand  this  fact  have  dis- 
covered an  4fl^rtaalL_gr4lrLStorage  principle. 


Rodents 

Rats  and  mice  eat  a  lot  of  grain.   They  can  eat  the  whole  kernels  of 
grain   sorghum,  wheat,  and  mllUt.   They  chew  on  ears  of  maize. 
Rodent  damage  Is  the  easiest  kind  of 
damage  to  see.    Yet  farmers  may  not 
realize  how  much  damage  rodents  can 
do;  they  may  not  be  aware  that  rodents 
spread  diseases.   Or  they  may  not  know 
what  they  can  do  to  stop  rodents  from 
eating  their  stored  grain.  The 
section  on  rodents  gives  Information 
on  the  habits  of  rodents,  the  signs  of  rodents  that  a  fanner  should 
look  for,  and  some  Ideas  for  keeping  rodents  out  of  stored  grain. 


Clean  Grain  and  Clean  Storage  Places 

Fanners  often  do  not  realize  how  Important  It  Is  to  clean  the  place  for 
storing  grain.    Even  grain  that  Is  healthy  and  whole  when  put  Into 
storage  can  be  damaged  by  Insects  or  ruined  by  molds  If  stored  Incorrectly. 
Farmers  need  to  know  that  good  grain  storage  requires  planning  for  a  good 
storage  container  or  place,  and  careful  handling  and  cleaning  of  the  grain. 


Many  farmers  can  Improve  tiie  condition  of 
their  stored  grain  simply  by  cleaning  atid 
repairing  their  present  grain  storage 
containers  and  buildings,  and  by  pitting 
only  healthy  grain  Into  storage.  This 
manual  helps  spell  out   the  necessary 
steps  for  fanners  who  wish  to  Improve, 
CD  the  quality  of  the  grain  they  store, 
and  (2)  the  container  Into  which  they  put 
the  grain. 


GOOD  GRAIN  STORAGE  DEPENDS  UPON  BEHER  DRYING  AND  BEHER  STORING 


Improved  Drying 

As  mentioned  before,  drying  Is  the  key  to  storing  grain  safely.  The 
section  on  "Preparing  Grain  for  Storage"  covers  the  Importance  of 
careful  harvesting,  threshing,  and  moisture  measurement  before  putting 
the  grain  Into  storage.    "Grain  Oryer  Models"  presents  plans  for  a 
number  of  grain  drying  methods. 
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Improved  Storing 

The  manual  section  on  storage  discusses  methods  already  being  used  by 
farmers^  and  gives  Ideas  for  Improving  these  methods*   A1so»  the  section 
provides  plans  and  construction  procedures  for  a  number  of  grain  bins. 
Each  of  the  storage  methods  Is  presented  In  terms  of  Its  possible  ad- 
vantages 9nd  disadvantages  for  use  by  farmers. 


Your  Role 

YOU  will  have  to  decide  how  to  use  the  materials  In  this  manual.  Some 
farmers  may  be  ready  to  make  a  mud  silo;  others  require  Information  on 
good  storage  practices  for  storing  grain  1n  sacks.    One  village  may  be 
ready  to  make  an  oil  barrel  dryer.   .Another  village  might  like  to  try 
solar  dryers.    These  are  decisions  which  you  and  the  farmers  In  your 
area  must  make  together.    The  purpose  here  simply  Is  to  provide  Information 
upon  which  900d  decisions  can  be  made»  and  to  provide  some  basic  guide* 
lines  In  Important  grain  storage  areas. 

The  following  leaflet  provides  an  illustrated  look  at  what  good  grain 
storage  can  do  for  fanners. 


24 


StoHJOQt  ?fuobtm  -II- 


SOOD  GRAIN"  STOR/  "^E  HELPS  FARMERS 


Suggested  Uses:   This  Is  a  script  which  could  be  used  to  alert  fanners 


to  the  need  for  Improved  storage.  Choose  the  points 
you  feel  are  most  Important  and  have  them  translated 
and  Illustrated  as  necessary. 


A  good,  crop  of  grain  means  plenty  of  food. 

.    Fanners  work  hard  to  grow  their  grain.    Grain  Is  Important. 

.   A  good  crop  means  seed  for  planting  the  next  crop. 

.    A  good  crop  means  you  can  buy  things  for  your  family  and 
farm. 

.   But  you  must  have  a  good  place  to  keep  your  grain  after  the 
harvest.    You  cannot  use  all  the  grain  right  away. 

.    It^s  not  good  to  sell  grain  right  after  harvest.  The 
price  for  graln^ls  lower  at  harvest  time  because  more 
grain  Is  available  than  at  other  times  of  the  year. 

.   You  cannot  eat  all  the  grain.   You  will  want  some  later. 

.    Seed  grain  must  be  stored  safely  until  planting  time. 

.    A  good  grain  storage  place  Is  a  place  to  keep  grain  safe 
until  you  want  to  sell  it,  to  eat  It,  or  to  plant  it. 

.    There  are  many  ways  to  store  grain.   Some  fanners  store 
grain  In  sacks.    Some  fanners  store  grain  in  clay  jars 
and  In  the  rafters  of  their  homes.   Some  fanners  store 
grain  in  special  buildings. 


.   All  grain  storage  places  must  protect  the  grain  from 

Insects,  mice,  rats, and  other  pests.  « 

.   Rats  and  mice  enter  open  grain  storage  places  easily. 
They  can  eat  and  spoil  a  lot  of  grain  every  day. 

.   Birds  and  chickens  like  to  eat  grain  too. 

.   Hany  Insects  attack  stored  grain. 

.    Insects  get  Into  grain  very  easily.    Some  of  them  can  fly, 
and  some  begin  eating  the  grain  in  the  field  before  harvest. 
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StoAxigt  j^obtan  -12- 


/ 


Insects  lay  many  eggs.  These  Insects  eat  and  spoil  a  lot  of 
your  grain. 

Insects,  rats,  and  mice  eat  so  much  grain  that  soon  there  Is 
less  for  you  to  sell  and  eat. 

* 

Insects  and  rats  put  the  droppings  from  their  bodies  on  the 
grain  while  .they  are  eating.   This  makes  the  grain  dirty. 
You  cannot  make  as  much  money  when  you  sell  this  grain. 

People  get  sick  from  eating  grain  which  rats  and  Insects 
have  put  droppings  on. 

Molds  also  attack  stored  grain. 

Molds  are  tiny  plants.    You  cannot  see  these  pUnts. 
Mold  plants  float  In  the  air  and  need  warmth  and 
moisture  to  grow.   Mold  plants  usually  are  on  stored 
grain  even  though  you  cannot  see  them. 

Molds  give  grain  a  bad  smell  and  change  the  color  of  , 
the  grain.  . 

Molds  like  to  grow  In  warm,  wet  storage  places»  so  you 
must  keep  grain  cool  and  dry. 

People  can  get  sick  If  they  eat  grain  with  mold  on  It. 

It  is  Important  to  keep  Insects*  rats*  molds, and  other 
dangers  away  from  your  stored-  grain.   Good  grain  storage 
means  more  money  and  more  food. 

Your  extension  worker  can  help  you  with  grain  storage  pro- 
blems.  He  knows  how  you  can  fight  Insects*  rats 
dangers.   He  will  have  Ideas  on  ways  you  can  1mpro>»  your 
grain  storage.  ' 


ERIC 
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StOJiogz  pJLoblem  -13- 


The  following  pictures  show  how  qne  artist  has  chosen  to  present  the 
subject,  "Good  Grain  Storage  Helps  Fanners."  As  you  can  see,  he  has 
chosen  a  certain  number  of  Important  ;ideas  from  the  scripts  and 
highlighted  them  using  pictures.   Perhaps  these,  pictures  will  provide 
you  with  Ideas  for  Illustrating  your  own  leaflet^. 


1  HAVE  WORKED  HARD.  AND  IT  IS  A  GDDD  CROP.    WE  WILL  HAVE  PLENTY  TD  EAT 


ERIC 
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Stofia^z  PfLoblm-14- 


UHAT  AM  I  GOING  TO  DO  TO  PROTECT  MY  GRAIN  SO  UE  UILL  HAVE  ENOUGH 
TO  EAT  FOR  THE  REST  OF  THE  YEAR? 
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Stonji^e^PfLObtem  -15- 
THE  RODENTS,  BIROS,AHO  INSECTS  LIKE  THE  FARMER'S  GRAIN  VfRY. MUCH. 
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Stowgt  pJioblm  -17- 


HAYBE  I  SHOULD  PUT  THIS  GRAIN  INTO  A  GOOO  STORAGE  PLACE.  I  COULO  STORE 
THE  GRAIN  IN  SACKS.         OR  MAYBE  I  SHOULD  STORE  IT  IN  JARS. 
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MAYBE  I  WILL  BUILD  A  SPECIAL  BUILDING  FOR  STORING  MY  GRAIN.  THIS  TIME 
WILL  PROTECT  MY  GRAIN  FROM  INSECTS.  RODENTS.  BIRDS  AND  OTHER  PESTS. 

lUu&tfuitLOtL&  by  f/lTA  (/o£aatec/i,  Guy  T.  OfeCcft. 
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PC/ VITA  QMUN 
STORAGE  MANUAL 


GRAIN  IS  A  UVING  THING 


The  Structure  of  Grain 

Grain  kernels  are  living  things.  Grain  which  will  be  used  for  seed  must 
be  kept  alive.   Living  seeds  also  store  better. 

Haize,  rice,  sorghum,  wheat,  millet,  and  so  on,  are  all  cereal  grains 
which  belong  to  the  same  grain  family.   As  >gu  know,  these  grains  do  not 
look  alike.   Haize  Is  a  large  kernel  with  b  triangular  shape;  It  has  a 
hard  coat  and  a  large,  oily  germ  which  Is  easy  to  see  on  one  end  of  the 
kernel.   Sorghum,  on  the  other  hand.  Is  a  round  seed  In  a  brittle  or 
leathery  seed  coat.   The  germ  Is  very  hard  to  see. 

Although  they  look  different,  the  grains  all  share  three  basic  parts: 
the  seed  coat;  the  endosperm;  the  embryo  (germ). 
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A  Living  Thing  -Z- 

The  Seed  Coat 

.    Surrounds  the  embryo  and  the  endosperm. 

.   Protects  the  grain  from  attack  by  certain  Insects  If 
It  Is  dry  and  un-cracked. 

.  Cannot  keep  out  molds  and  some  Insects.  Those  Insects 
which  attack  the  embryo  are  most  dangerous  because  the 
seed  coat  at  the  embryo  Is  weak. 

The  Endosperm 

.   Takes  up  the  largest  part  of  the  seed.    It  Is  80%  of 
the  kernel  volume  In  most  grains. 

.  Is  the  seed's  food*storage  place.  It  Is  mostly  starch 
and  protein. 

.  Provides  food  for  the  developing  seed  when  planted  and 
food  for  the  seed  In  storage. 

.   Provides  food  for  farmers  and  others  If  the  seea  Is  not 
pi  anted . 

The  Embryo 

.    Is  the  part  of  the  seed  which  can  develop  Into  a  new  plant. 

.   Contains  most  of  the  protein,  fa^  and  vitamins  of  the 
grain. 

i 

.    Is  attacked  easily  by  some  Insects  and  by  molds.  Seed 
grain  which  Is  attacked  will  not  grow  Into  strong  plants 
or  will  not  grow  at  all.   Food  grains  without  embryos  do 
not  provide  as  much  nutrition  as  grains  with  en^ryos. 
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A  Uvi»Q  TKi.ng  -3- 


CHARAtTERlSTICS  OF  GRAIN  AND  HOW  THEY  AFFECT  STORAGE 


Healthy  grain  can  be  kept  in  storage  longer  than  grain  which  Is  broken. 
The  threshing  methods  used  by  farmers  often  damage  many  of  the  grains. 
If  the  grain  Is  to  be  threshed  before  It  Is  stored,  the  threshing  must 
be  done  very  carefully.    Careful  handling  of  the  grains  helps  the  grain 
protect  itself  from  danger.    Here  are  examples  of  ways  In  which  healthy 
grains  are  protected  by  their  structures: 

.   The  husks  on  maize  cobs  protect  the  grain  from 
damage  during  harvesting  and* drying. 

.   The  hulls  on  rice  kernels  protect  that  grain 
from  attack  by  most  Insects. 

.   A  hard,  dry  seed  coat  with  no  cracks  or  splits  In 
It  prevents  molds  and  Insects  from  getting  Into 
the  kernel  easily. 

.    The  endosperm  of  dry  grain  Is  hard  and  Is  not  as 
easily  attacked  by  Insects. 


Stored  rice  or  wheat  or  maize,  etc.,  act  In  one  way  or  another  because 
each  has  certain  characteristics  which  are  affected  by  the  ways  It  Is 
stored.    A  fariner  should  know  the  characteristics  of  the  particular 
grain  he  Is  storing. 

Because  there  are  many  kinds  of  grain,  this  manual  can  not  talk  a  lot 
about  each.    Here  It  Is  most  Important  to  point  out  that  the  structure 
of  the  grain  tthe  way  It  Is  made)  plays      Important  part  In  what  does 
or  does  not  happen  to  that  grain  In  storage.   The  structure  of  the  grain 
affects  the  length  of  time  the  grain  can  be  stored  and  what  kind  of 
storage  container  It  should  be  put  Into.    You  may  want  to  prepare  materials 
for  the  farmers  In  your  area  which  talk  directly  about  the  structures 
of  the  grains  they  grow  and  which  storage  containers  are  best  for  their 
grain. 
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A  Living  TkinQ  -4 


Respiration 


Grain  breathes.   Each  kernel  gets  oxygen 
from  the  air  and  burns  food  from  its 
endosperm.   This  process  gives  off  heat  and 
and  carbon  dioxide.   This  process  in  grain 
is  called  respiration.    Respiration  Is  faster 


or  slower  depending  upon  the  temperature  and  moisture  In  the  grain. 
Respiration  is  slow  when  grain  is  cool  and  dry.   There  Is  only  enough 
respiration  to  keep  the  embryo  of  the  grain  alive.   This  ifrocess  can  con- 
tinue in  storage  for  a  long  time  if  the  embryo  is  not  attacked  by  mold. 
Insects,  or  high  temperatures.    Slow  respiration  is  Important  for  storage. 
Growth  does  not  happen  at  this  low  respiration  level,  but  seed  life 
continues. 


If  the  stored  grain  has  too  much  moisture  or  heat  In  it,  the  grain  begins 
to  respire  faster,   when  seed  grain  is  planted,  for  example,  it  germinates 
(grows)  because  respiration  has  been  speeded  by  water  In  the  ground  and  the 
warmth  of  the  soil. 
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A  Lcvxjig  Tltoy  -5- 


The  way  that  grain»  moisture*  and  temperature  work  together  Is  Important 
for  fanners  to  understand.    Grain  put  Into  storage  with  a  lot  of  moisture 
In  It  breathes  much  faster  than  dry  grain  does*    This  moist  grain  makes 
more  heat  and  creates  conditions  leading  to  mold  growth  and  Insect 
attack.   The  fanner  who  understands  this  will  see  the  need  for  storing 
cool t  dry  grain. 


Heat  Producing  and  Heat  Holding 

Grain  produces  heat  during  respiration.  If 
the  grain  Is  cool  and  dry»  It  respires  very 
slowly  and  the  amount  of  heat  It  makes  Is 
very  small.    But  if  respiration  gets  faster 
for  some  reason*  grain  makes  more  and  more 
heat.    Spots  of  hot  air  form  Inside  the  storage 
container  because  the  stored  grains  hold  the 
heat. 

The  temperature  outside  the  storage  container  does  not  have  an  Immediate 
effect  on  the  grain  in  large  silos«  but  It  can  be  a  problem  for  the 
fanner  who  has  a  small  metal  storage  bin  which  stands  by  his  front  door 
and  faces  the  sun  for  some  hours  each  day.    The  heat  from  the  sun  warms 
the  b1n«  ahd  this  wanning  spreads  to  the  grain  Inside.   Any  Insects  and 
molds  present  in  the  grain  will  grow  much  more  quickly. 

Kolsture 

All  harvested  grain  holds  a  certain  amount  of 
moisture.  Most  of  the  moisture  Is  Inside  the 
kernel;  if  the  grain  Is  very  wet»  some  of  the 
moisture  is  around  the  outside  of  the  kernel. 
Fanners  must  dry  the  grain  down  until  It  only 
holds  about  12-13%  moisture  If  they  are  to 
store  grain  safely.  Since  moisture  and  drying  are  so  Important*  th^  are 
discussed  more  fully  in  another  section. 

Grain  has  other  characteristics*  such  as  flow  and  pressure.    These  are 
subjects  not  particularly  important  to  a  small-scf^le  farmer.   Mainly  he 
needs  to  know  what  the  grain  looks  like  inside  and  what  there  Is  about 
grain  that  makes  it  act  in  certain  ways  in  storage. 
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A  Uvins  Thing 


GRAIN  IS  A  LIVING  THING 


Suggested  Uses:    Select  points  as  needed.    Translate  and  Illustrate 
them  for  distribution  to  fanners  In  your  area. 


.    Each  kernel  of  gralm  Is  a  living  thing.    Each  grain  Is  a 
seed . 

.   A  seed  can  grow  Into  a  new  plant  just  like  the  one  It  came 
from. 

.    Most  of  the  seed  Is  food  around  a  tiny  part  of  the  seed 
called  the  embryo.    Some  people  call  the  embryo  the  germ 
of  the  seed. 

.    This  embryo  Is  the  part  of  the  seed  that  will  grow  Into  a 
new  plant. 

.   One  part  of  the  embryo  will  be  the  part  of  the  plant  that 
grows  above  the  ground.    This  top  Is  called  the  shoot. 

.    The  other  part  of  the  embryo  will  grow  and  become  the 
bottom- of  the  plant.   This  Is  the  part  of  the  plant  that 
grows  under  the  ground.    It  Is  called  the  root. 

.    There  is  a  seed  coat  around  the  food  and  embryo.   This  coat 
protects  the  grain  from  being  hurt.    Careful  harvesting, 
threshing, and  storing  will  protect  the  s^ed  coat. 

.   While  they  rest,  seeds  breathe  and  use  the  food  that  Is 
Inside  them. 

.    Seeds  stay  alive  and  are  good  for  planting  and  selling  if  they 
rest  In  places  which  are  cool  and  dry. 

.   A  good  grain  storage  place  must  be  cool  and  dry.    It  must  pro- 
tect the  grain  from  insects  and  other  dangers. 

.    Dq  not  use  high  heat  to  dry  the  grain  you  are  saving  to  plant 
with.    High  heat  will  kill  the  embryo. 

.    Store  your  seed  grain  separately  from  the  grain  you  plan  to 
sell  or  to  use  for  food. 
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A  Living  TfUng  -S- 


.    Check  the  grain  often.   Make  sure  It  Is  dry.  Do  not  let  1t 

get  too  warm.   Make  sure  there  are  no  Insects  In  It.  Smell 
It  to  see  If  molds  are  present. 

.    Good  storage  of  your  seed  crop  means  the  next  crop  will  be  a 

good  crop.  The  living  grain  will  grow  Into  a  new  plant  when 
you  put  It  into  the  earth. 


0 
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PC/VITA  GBAIN 
STORAGE  MANUAL 


GRAIN,  MOISTURE,  AND  AIR 


■WHAT  MOISTURE  IS 


Kolsture  Is  water  or  wetness.    But  moisture  Is  a'^etter  word  to,  use  when 
talking  about  grain  storage.   When  fanners  use  the  word  water,  they  are 
likely  to  think  of  lakes,  rivers,  wells,  or  containers  of  water.  They 
think  of  water  as  a  liquid  which  Is  very  easy  to  see  and  to  measure. 

A  farmer  Is  not  as  familiar  with  the  word  moisture.    Moisture  Is  a  good 
word  because  It  can  describe  something  which  Is  wet  or  contains  water 
without  looking  wet.    For  example,  the  earth  can  have  moisture  and  not 
look  wet.    A  plant  does  not  look  wet,  but  when  you  crush  1t»  you  will 
feel  moisture  (wetness)  on  your  hand. 


MOISTURE  IN  GRAIN 


Each  kernel  of  grain  has  moisture  Inside.    But  the  grain  kernel  does 
not  look  wet  when  you  look  at  It.    The  farmer  can  tell  If  It  Is  wet  by 
cracking  It  between  his  teeth.    Wet  grain  Is  not  hard  because  the  water 
Inside  Is  wetting  the  seed  and  keeping  It  soft,  just  like  pouring  water 
on  hard  earth  makes  the  'dirt  soft.    When  the  moisture  leaves  the  grain 
during  drying,  the  grain  hpcomes  harder.    The  dryer  the  grain*  the  harder 
it  becomes.  » 

^ft  // 

Grains  hold  different  amounts  of  water  at  different  times:  the  amount  of 
moisture  in  harvested  grain  depends  mostly  on  the  time  of  the  harvest. 
For  example,  grain  harvested  in  the  rainy  season  may  have  more  moisture 
than  ^rain  harvested  in  dry,  sunny  weather. 


Hoi6tuAe.  and  Aaji  -2- 


It  Is  Important  to  note  that  some  grains  must  contain  more  moisture  than 
others  when  harvested*  If  they  are  to  be  harvested  safely.    This  Is  true* 
for  Instance*  of  new  varieties  of  rice.    This  rice  must  be  harvested 
before  It  gets  too  dry*  or  much  of  the  rice  will  shatter  or  fall  off  the 
stalks.    Both  maize  and  rice  can  be  harvested  when  the  moisture  content 
In  the  kernels  Is  In  the  20%  range.    However*  maize  can  be  left' In  the 
field  to  dry  further  before  harvesting.    Rice  must  be  harvested  right 
away  and  not  be  allowed  to  dry  In  the  field. 


MOISTURE  IN  THE  AIR 

Air  contains  moisture  also.  Of  course,  the  fanner  cannot  see  this  kind 
of  wetness  when  he  looks  at  the  a1r»  because  the  moisture  In  the  air  Is 
In  the  form  pf  vapor. 

Just  as  grains  hold  different  amounts  of  water,  air  holds  different 
amounts  of  water.   Warm  air  can  hold  more  moisture  than  cool  air. 

On  a  very  hot  day,  there  can  be  a  lot  of  moisture  in  the  air.  When 
evening  comes  and  the  temperature  goes  down  (decreases),  the  air,  now 
cooler,  cannot  hold  all  the  moisture  It  held  when^t  was  warmer.    So  the 
extra  moisture  falls  out  of  the  air  and  lands  on  the  earth.    This  moisture 
from  the  air  Is  the  dew  seen  In  the  cool  early  morning. 

As  the  sun  gets  higher  during  the  day,  the  air  ^temperature  goes  up  (In* 
creases).  The  air,  now  warmer,  can  hold  more  /moisture.  So  the  dew  on 
the  land  Is  taken  up  by  the  air.  / 
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Wo<i^ltAe  and  Kvi  -i- 

Relative  Humidity 


Host  farmers  will  not  be  famil iar  with  words  such  as  relative  humidity. 
Nor  do  they  real]y  have  to  be.    It  is  not  important  to  most  farmers  to 
understand  that  relative  humidity  is  a  percentage  measurement  of  the 
amount  of  moisture  actually  in  the  air  as  compared  to  the  maximum  amount 
of  moisture  that  ^ir  at  that  temperatutre  could  hold.    Nor  do  most  farmers 
need  to  understand  that  if  the  moisture  content  in  the  air  remains  the 
same  and  the  air  temperature  goes  up,  the  relative  humidity  goes  down^ 
Relative  humidity  is  a  meaningful  phrase  only  to  those  who  can  measure 
It  and  apply  the  knowledge  to  drying  times,  etc. 

Most  farmers  do  not  have  instruments  which  measure  relative  humidity. 
But  they  have  good  information  if  they  understand  two  facts  about  air  and 
moisture: 

1.  Marm  air  can  hold  more  moisture  than  cold  air  can. 

2.  Air  at  any  temperature  does  not  always  hold  as  much 
moisture  as  it  possibly  can.    The  amount  it  actually 
holds  changes.    Mhen  air  holds  as  much  water  as  it 
possibly  can  (100%  relative  humidity)^  rain  is  likely. 


HOW  AIR,  MOISTURE,  AND  GRAIN  INTERACT 


Scientists  say  that  grain  is  hygroscopic  because  it  loses  or  gains  (adds) 
moisture  from  the  air  around  it.    At  this  point,  it  would  be  easy  to  get 
involved  in  a  long  discussion  of  moisture  and  vapor  pressure.    For  example 

Since  all  things  containing  moisture  have  pressure,  grain 
and  air  have  pressure.    Grain  dries  in  the  sun  because 
moisture  vapor  is  moving  from  higher  pressure    in  the 
wet  grain  to  lower  pressure  in  the  air,  until  the  grain 
and  the  air  reach  equilibrium  vapor  pressure. 

This  can  be  explained  somewhat  more  simply  by  saying  that 
two  things  containing  water  will  push  that  water  back  $nd, 
forth  until  a  balance  is  reached.    The  more  moisture  there 
is,  the  harder  the  moisture  can  push.  That  is,  if  there  is 
comparatively  more  moisture  in  the  grain  than  there  is  in 
the  air  around  the  grain,  the  moisture  in  the  grain  will 
push  out  into  the  air. 

The  key  to  the  drying  process, then,  is  placing  grain  in  the 
sun  or  in  a  drying  machine  so  that  the  kernels  of  prain  can 
be  touched  by  warm  moving  air  which  has  less  moisture  in  it 
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,  than  the  grain  has.    The  heat  in  the  moving  air  will  make  the 
moisture  in  the  grain  evaporate.    The  moisture  will  become 
water  vapor  and  be  absorbed  and  carried  away  by  the  moving  air. 

It  is  useful  for  a  fanner  to  know  that  drying  continues  only  as  long  as 
the  air  around  the  grain  is  able  to  absorb  more  moisture  from  the  grain. 
If  the  air  contains  a  lot  of  moisture*  the  grain  is  likely  to  take  in  that 
moisture  from  the  air.    The  farmer  should  understand  this  fact  because 
It  explains  the  need  to  keep  dry  grain  away  from  moisture  and/or  air  as 
much  as  possible.    Grain  that  is  not  sealed  in  a  closed  container  will 
continue  to  exchange  moisture  with  the  air.    During  the  rainy  season* 
for  example*  grain  will  take  on  moisture  if  left  in  an  open  container. 
In  the  hot*  dry  season*  grain  will  lose  the  moisture  again. 


SAFE  MOISTURE  LEVELS  IN  GRAIN 


Grain  put  into  storage  should  not  have  more  than  a  certain  amount  of 
moisture  inside  its  kernels.    Although  the  amount  of  moisture  grain 
can  hold  in  storage  safely  can  change*  depending  upon  storage  condi- 
tions, some  general  moisture-safety  percentages  have  been  established. 


The  chart  which  follows  shows  that  maize  can  be  stored  safely  at  13.516 
moisture  (that  is*  13.5%  of  the  total  weight  of  the  kernel  can  be 
moisture)*  in  air  which  is  25-30''C  and  has  70:;  relative  humidity  (that 
Is*  the  air  at  this  temperature  can  hold  30^  more  water  than  it  is 
holding}-    At  this  point  the  kernel  of  maize  and  the  air  are  not  going 
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to  exchange  moisture  back  and  forth.   This  Is  an  equilibrium  point. 
This  equilibrium  is  the  condition  good  grain  storage  tries  to  set  up, 
but  it  Is  very  hard  to  keep  grain  stored  at  conditions  which  keep 
equilibrium. 

MAXIMUM  MOISTURE  CONTENT  FOR  ONE 
YEAR  (OR  LESS)  STORAGE  AT  70% 
GRAIN  TYPE  RELATIVE  HUMIDITY  AND  27"  C 


Wheat 

13.5% 

Maize 

13.5% 

Paddy  Rice 

15.0% 

Milled  Rice 

13.0% 

Sorghum 

13.5% 

Millet 

16.0% 

Beans 

15.0% 

Cow  Peas 

15.0% 

From  ''Handling  and  Storage  of  Food  Grains  In  Tropical  and  Subtropical 
AreaSt*  by  OM.  Hall »  published  by  Food  and  Agriculture  Organization  of 
the  United  Mations,  1970. 

Remember,  the  figures  above  are  maximum  recommended  moisture  levels. 
Generally,  fanners  should  dry  their  grain  as  thoroughly  as  possible. 


MOVEMENT  OF  MOISTURE  IN  STORED  GRAIN 


Grain  Which  is  dry  and  cool  will  keep  for  a  long  time  if  it  is  stored 
correctly.    However,  there  are  a  number  of  bad  things  which  can  happen 
to  grain  while  It  is  In  storage.    And  moisture  is  a  key  part  of  most  of 
the  process  of  deterioration  (spoilinc)  that  can  occur  in  stored  grain. 

To  discuss  the  role  of  moisture  in  the  storage  container.  It  1s  necessary 
to  talk  about: 

.    grain  condition  \ 

.  temperature 

.    insects^  molds^  and  grain  heating. 
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Broken  grains  and  pieces  of  straw  or  dirt  increase  the  chances  of  stor 
age  trouble.    And^  if  the  storage  container  does  not  keep  out  moisture 
or  insects^  even  healthy*  clean*  dry  grain  can  deteriorate.  Trouble 
is  less  likely  to  happen  if  the  grain  starts  in  good  condition- 


Temperature 

There  are  two  kinds  of  temperature:    temperature  in  the  air  outside  the 
storage  container  and  temperature  of  the  grain  inside  the  storage  con- 
tainer. 

Some  things  to  remember  about  temperature: 

.    Low  temperature  is  better  than  high  temperature  for  ' 
grain  storage.    Insects  and  molds  do  not  grow  at  low 
temperatures. 

.    Grain  breathes  very  slowly  at  low  temperatures. 

At  low  temperatures*  little  heat  builds  up  inside  the 
grain  froni  the  living  and  breathing  of  insects  and 
molds  "  and  the  grain. 

.  Rising  temperatures  outside  the  containers  can  increase 
the  temperature  inside  the  container  —  particularly  if 
the  container  is  not  shaded  or  is  made  of  metal. 

.    Rising  temperatures  can  lead  to  insect  and  mold  growth. 
Even  in  grain  that  looks  clean*  insects  are  almost  always 
there  to  some  degree;  mold  spores  are  present  everywhere. 
As  the  temperature  of  the  grain  goes  up*  these  insects 
and  molds  will  start  to  grow. 
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,    As  the  temperature  goes  up»  molds  and  Insects  grow 
faster.    The  grain  respires  more  quickly.    If  the 
grain  contains  a  lot  of  moisture^  this  process  goes 
even  faster. 

.    Hot  spots  can  form  In  areas  of  the  grain  where  the  most 
mold  and  Insect  activity  Is  occurring.    These  hot  spots 
spread  and  cause  great  damage  and  loss  of  the  stored 
grain. 

The  above  points  show  how  temperature  and  moisture  work  together. 
Therefore^  grain  placed  into  storage  should  be  as  dry  and  cool  as 
possible.    Even  then  there  can  be  a  moisture  problem  during  storage; 
This  problem  often  is  the  result  of  a  difference  In  temperature  between 
the  inside  and  outside  of  tne  storage  container.    When  cool  air  and 
warm  air  mix  in  the  stored  gra1n»  the  warm  air  cools  and  may  be  forced 
to  lose  moisture.    This  lost  moisture  becomes  water  which  can  be  seen 
at  the  top  and  bottom  of  the  storage  container.    The  following  drawings 
show  what  may  happen  when  there  are  differences    in  temperature  between 
the  inside  and  outside  of  the  storage  container: 


These  changes  caused  by  temperature  can  be  seasonal*  or  they  may  be  daily. 
This  depends  upon  where  the  farmer  lives.    Obviously,  It  is  best  to  keep 
stored  grain  at  a  relatively  constant  temperature.    The  storage  section 
will  show  various  ways  of  dealing  with  this  problem. 
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Insects,  Molds. and  Grain  lieating 

Remember  the  dew  and  how  U  forms  because  cold  air  and  warm  alv^  cannot 
hold  the  same  amount  of  moisture?  This  same  thing  Is  what  happens  In 
stored  grain  when  cold  air  and  warm  air  meet  each  other  because  of 
changing  temperatures.   The  farmer  who  understands  dew  will  be  able  t» 
understand  how  his  grain  got  caked  and  moldy  even  If  It  was /dry  when  he 
put  It  Inside  the  storage  tin  or  container.  / 

The  pools  of  water  formed  by  the  moisture  forced  out  of  tne  air  make 
the  stored  grain  wet.    This  wet  grain  begins  to  respire  at  a  faster  and 
faster  rate.    If  there  are  insect  larvae  and  mold  spores/ present,  they 
begin  to  grow  and  reproduce.    Soon  the  Insects,  molds,  and  grain  all  are 
giving  off  heat.    This  process  produces, the  hot  spots  ^poken  of  earlier. 
When  the  temperature  gets  too  high,  insects  will  leave'  the  heated  spot 
and  go  out  Into  the  grain  mass  to  find  better  living  conditions.  Other 
trouble  spots  then  can  develop.  / 


From  "Handling  and  Storage  of  Food 
Grains  in  Tropical  and  Subtrooical 
Areas."  by  D.W.  Hall.  Uublished  by 
Food  and  Agriculture  Organization 
of  the  United  Nations.  1970. 
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UHERE  YOU  ARE  NOW 


Now  the  background  for  the  subject  of  grain  storage  Is  complete.  If 
you  have  been  using  this  manual  with  a  fanner  or  group  of  farmers,  they 
now  know  what  grain  Is  In  a  scientific  way;  the  relationship  among  grain, 
water,  air,  and  temperature;  and  some  of  the  ways  grain  storage  problems 
occur.    In  other  words,  they  have  some  scientific  Ideas  about  good 
grain  storage.   The  next  section  deals  with  the  subject  of  preparing 
grain  for  storage.   That  discussion  applies  some  of  the  Ideas  from  this 
section. 
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PC/VITA  GRAIN 
STORAGE  MANUAL 


PREPARING  GRAIN  FOR  STORAGE 


INTRODUCTION 


This  section  discusses  the  steps  a  farmer  should  take  to  prepare  grain 
for  storage.    It  gives  these  steps  In  the  order  he  takes  them.    Each  of 
these  steps  Is  looked  at   here  as  an  Important  part  of  the  storage 
orocess.    Good  harvesting,  threshing,  cleaning,  and  drying  practices  are 
Important  for  the  success  of  any  storage  method  a  fanner  may  use. 


HARVESTING  AND  THRESHING 


Some  grains »  such  as  new  varieties  of  rice,  should 
be  harvested  when  they  contain  quite  a  bit  of 
moisture.    Other  types  of  grain,  such  as  maize, 
can  be  much  drier  when  harvested.    But  even  when 
the  grain  can  be  allowed  to  dry  In  the  field* 
there  Is  often  too  much  moisture  In  the  a1r» 
or  even  rain,  and  the  grain  does  not  lose  a  lot 
of  its  moisture.    Therefore,  for  one  reason  or 
another,  the  fanner  has  to  harvest  very  moist 
grain.    Then  he  must  somehow  dry  the  grain  to 
about  12-13%  moisture  content. 

If  the  grain  Is  a  variety  which  can  be  allowed  to 
dry  In  the  field,  and  If  the  weather  1s  good»  the 
farmer  can  let  his  grain  get  as  dry  as  possible 
while  It  is  still  in  the  field.    In  some  dry,  sunny 
places*  It  Is  possible  to  shock  and  windrow  the 
grain  after  cutting  it.    Wheat,  for  example.  Is 
tied  in  small  bundles  that  are  stacked  together 
side  by  side.    Maize  Is  also  often  stacked  In 
shocks.    This  practice  allows  the  grain  to  dry 
further.    But  this  practice  requires  good  weather. 
And  rodentSi  birds,  and  insects  can  attack  the  grain 
while  it  Is  drying- 
Threshing  is  the  separating  of  grain  kernels  from  stalks  and  husks.  A 
small-scale  fanner  usually  cuts  and  threshes  grain  by  hand.    When  this 
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method  1s  used*  farmers  must  be  careful  to  make  sure  a11  weeds  and 
straw  are  separated  from  the  harvested  grain. 


There  are  serious  problems  in  most  hand-threshing  methods,  especially 
for  Small  grains.    A  common  method  uses  trampling  or  beating  of  the  grain 
to  free  the  kernels.    This  method  often  causes  cracking  of  the  grain. 
In  addition,  unless  threshing  is  carefully  done*  much  of  the  grain  ts 
thrown  away  with  the  husks. 


No  matter  what  nethod  the  farmer  uses  for  harvesting  and  threshing,  he 
should  aim  fo^  clean,  whole  grain.    There  are  machines  available  which 
caj!  harvest  ^nd  thresh  grain  at  the  same  time.    Most  small  fanners 
cannot  <^fford  these  machines.    And  for  the  snail  fanner,  hand  harvest- 
ing lias  .^dv.vitages :    it  is  easier  to  separate  weeds  ^from  the  grain, 
■  nrl  ie^;  ^rair  is  lost  during  the  harvest. 


Clean  grain  keeps  in  storage  much  better  than  dirty  grain.    After  harvest, 
grain  often  contains  small  amounts  of  straw,  weed  seeds,  and  dirt.  These 
unwanted  materials  decrease  the  value  of  the  crop  if  they  remain  in  the 
grain.    They  also  cause  the  grain  to  deteriorate  during  storage.  Dirt 
holds  moisture,  insects*  and  molds.    Dirt  also  keeps  air  from  moving  well 
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through  the  grain.    Dirty  grain  heats  more  and  deteriorates  more  quickly 
than  clean  grain  does. 

Insects  also  must  be  removed  from  the  grain.    Those  which  eat  the  grain 
cause  damage  in  several  ways.    They  destroy  much  of  the  grain  by  eating 
It.    As  they  grow  and  multiply.  Insects  produce  heat  which  can  cause 
grain  to  spoil  more  rapidly.    Grain  with  a  lot  of  insects  in  it  brings 
a  much  lower  price  than  clean  grain  does* 

Most  modern  harvesting  machines  get  grain  pretty  clean.    They  usually 
blow  air  through  the  grain:  this  removes  very  light  materials  such  as 
chaff,  husks,  and  dust.    The  grain  then  is  sieved.    The  pieces  smaller 
than  the  grain  kernels  are  removed  by  passing  them  over  a  fine  mesh 
screen.    The  larger  pieces  of  waste  are  passed  over  a  screen  that  has  a 
mesh  size  larger  than  the  kernels. 

This  screening  technique  can  be  used  even  when  a  machine  is  not  available. 
However,  it  requires  screens  of  proper  mesh  size.    When  screens  are  not 
available,  or  when  a  substitute  cannot  be  found  for  them,  there  are  other, 
less,  effective  cleaning  methods. 

One  of  the  simplest  methods  of 
grain  cleaning  uses  the  wind: 
thl^  method  Is  called  winnowing. 
The  grain  Is  thrown  upward  in  the 
wind.    As  it  falls,  the  lighter 
pieces      dust,  powder,  broken 
grain  —  are  blown  aside  by  the 
wind.    But  the  heavier  stones  and 
pieces  of  earth  fa) I  with  the  grain. 
For  good  cleaning,  winnowing  must  be 
done  over  and  over.    Some  grain  is 
always  lost,  and  so  the  method  wastes 
grain.    Some  fanners  place  this 
waste  material  where  chickens  can 
take  the  lost  grain  from  it. 

Fanners  also  should  clean  their  grain  each  time  they  move  it  to  a  t^ew 
storage  place.    If  this  cleaning  is   ot  done,  dirty  grain  from  one  place 
may  be  mixed  with  clean  grain  from  arK  her.    Even  grain  that  has  been 
cleaned  quite  well  before  may  need  cleaning  again.    Insects  do  not  need 
a  long  time  to  get  into  grain.    Both  the  insects  and  their  dirt  should  be 
removed  before  the  grain  is  added  to  grain  already  in  the  storage  areas. 

The  farmer  should  remember  that  cleaning  is  Important  because: 

.    dirty  grain  deteriorates  more  rapidly  in  storage, 

.    clean  grain  does  not  heat  as  quickly. 


/ 

.    insects  breed  faster  in  dirty, grain. 


THE  NEED  FOR  DRYING 


If  moist  grain  is  stored  without  air  moving  through  it»  the  grain  becomes 
hot.    The  grain  respires  more  quickly  and  gives  off  more  heat  and  mois* 
ture.    The  grain  can  be  damaged  if  the  heat  is  too  greats 

-  Heat  builds  ur  .wre  quickly  in  wet  grain- 

-  Molds  form  rapidly.  ' 

.    Insects  multiply  faster, 

.    Grain  can  germinate  (sprout)  while  still  iti  storage. 

It  has  long  been  known  that  meat,  fish,  and  fruit  can  be  preserved  by 
drying.    Dried  fish  and  fruit  are  widely  used  for  food.    These  materials 
do  not  deteriorate  much  even  when  stored  for  long  times.    This  is  because 
life  processes  usually  occur  very  slowly  when  there  is  little  moisture. 
This  is  true  for  grain-    Well-dried  grain  deteriorates  only  slowly  even 
at  fairly  high  temperatures. 


HOW  DRYING  HAPPENS 


In  the  Field 

In  order  to  dry  grain,  moisture  in  and  on  its  kernels  must  be  carried 
away.    As  the  grain  stands  in  the  field,  the  dry  air  moving  past  it  takes 
up  moisture  from  the  grain-    This  air,  now  moist,  is  then  blown  ^wy 
from  the  grain  by  the  winds. 


The  drying  process  is  most  rapid  if  the  air  does  not  contain  much  moisture 
and  if  there  is  a  wind.    Little  drying  of  the  grain  occurs  if  the  air 


contains  a  lot  of  moisture  or  if  there  is  not  much  wind. 


Fast  Dw»hOi 


Hot  air  passing  through  the 
grain  usually  dries  the  gral 
more  quickly  than  cold  air 
does.    From  the  previous 
section)  It  Is  easy  to  see 
that  there  are  three  major 
reasons  for  this; 


1.  Hot  air  can  hold  more  water  than  an  equal  amount  of  cold 
air  can.   When  dry  air  blows  through  the  grain,  the  hotter 
the  air,  the  more  water  It  can  carry  away  from  the  grain. 

2.  Mater  evaporates  more  quickly  when  it  Is  warm.  Hot  air 
blowing  past  grain  warms  the  moisture  on  the  surface  of 
the  grain.    This  moisture  leaves  the  grain  more  quickly. 

3.  Hot  air  heats  the  grain  Itself.   Moisture  deep  Inside 
the  kernel  moves  through  the  kernel  faster  at  high 
temperatures.    It  moves  to  the  surface  of  the  kernel 
more  quickly:   When  this  moisture  reaches  the  surface, 
It  leaves  the  grain  aad  is  taken  up  as  vapor  by  the 
air. 

After  Harvest 

The  above  facts  also  apply  to  drying  grain  after  it  Is  harvested.  Air 
must  pass  through  the  grain  to  dry  It.   Moisture  between  the  kernels 
and  on  their  surfaces  Is  carried  away  first.    The  moisture  deep  within 
the  kernels  m;jst  first  come  to  the  outside  of  the  kernel.    Only  then 
can  It  be  removed  by  the  flow  of  air.   Air  must  be  moving  for  drying 
to  continue.    Only  If  new,  dry  air  enters  the  grain  xan  the  moist  air 
between  the  kernels  be  replaced  by  air  which  can  take  up  more  water 
from  them.   This  is  the  principle  behind  some  drying  methods,  which 
force  cool  dry  air  or  warm  dry  air  through  the  grain  to  speed  drying. 


STIRRING  DURING  SUN  DRYING 
SO  ALL  THE  GRAIN  GETS 
EXPOSED  TO  THE  SUN. 


i 
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Grain  drying  methods  and  models  ^re  presented  In  another  sec^tion. 

It  is  nearly  impossible  to  dry  any  grain  completely.    The  last  ten 
percent  or. so  of  moisture  in  the  kernel  is  tightly  held  by  the  kernel. 
It  can  be  removed  only  with  great  difficulty.  'Luckily,  grain  stores  well 
with  this  amount  of  water  in  it.    In  some  cases,  removal  of  this  last 
water  harms  the  grain. 


SAFE  DRYING  TEMPERATURES 


Whatever  method  a  farmer  uses  to  dry  his  grain,  he  must  be  careful  not 
to  let  the  temperature  in  the  drying  grain  get  too  high.    Too  high  a 
temperature  causes  the  kernels  of  some  grains  to  burst.  Temperatures 
which  are  too  high  (when  drying  maize  and  rice)  cause  breaking,  cracking, 
and  discoloration  of  the  kernels.    This  leads  to  a  decrease  in  milling 
yield  and  protein  quality.    Maize  which  is  used  for  oil    will  produce 
less  oil . 

Grain  used  for  baking  and  milling  can  be  dried  at  temperatures  higher 
than  grain  to  be  used  for  seed.    Grain  used  for  seed  should  not  be 
heated  above  High  temperatures  can  kill  the  seed  embryo,  and 

the  seed  will  not  gemitnate  when  planted, 

■o- 

The  following  are  the  highest  safe  temperatures  for  drying  grain. 


\ 


USE 


Livestock  Feed 


MAXIMUM  TEMPERATURE,  X 
75 


Food  for  Humans,  except  rice  and  beans  60 


Milling  for  Flour 
Brewery  Usp^ 
Seed  GraiYis 
Rice  for  Food 
Beans  for  Food 


60 
45 
45 
45 
35 


Note  Well:    The  drying  temperature  depends  upon  the  use  of  the  grain. 
Drying  at  lower,  rather  than  highest,  temperatures  usually  gives  a  better 
quality  dry  grain.    Also,  as  a  rough  rule,  lower  temperatures  should  be 
used  for  very  moist  grain  than  for  dryer  grain.    It  is  better  to  take  a 
longer  time,and  use  a  lower  heat,  to  dry  moist  grain  than  it  is  to  run  the 
risk  of  parching  or  burning  the  grain. 
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\ 

TESTING  GRAIN  FOR  MOISTURE  CONTENT  \ 


Grain  that  is  too  moist  will  heat  in  storage.    All  stored  Srain  should 
be  examined  frequently  to  see  if  it  is  heating.    Heat  build-up  deep 
within  the  grain  is  d  serious  danger  signal.  Unfortunately/waiting 
until  you  can  feel  the  heat  in  the  grain  is  waiting  toe  long. 

Various  electrical  moisture  testing  devices  are  sold.    They  are  seldom 
available  when  and  where  they  are  neecJed,    Most  of  them  are  too  compli- 
cated or  expensive  for  fanners  to  use.    An  appendix  to  this  manual  con- 
tains a  discussion  of  moisture  meters.    This  will  show  you  the  kinds  of 
commercial  meters  which  are  available. 


Extension  workers  should  know  that  ^ 
grain  moisture  percentages  are  cal^ 
culated  in  the  following  way: 


PERCENT  MOISTURE  =  weight  of  completely  dry  grain 

100  X   

total  weight  of  wet  grain 


There  are  several  ways  to  mechan- 
ical ly  measure  the  amount  of  / 
moisture  in  grain  in  order  to 
make  this  mathematical  calculation. 
Unfortunately  none  of  these  methods 
are  very  sin^ple  or  inexpensive.  \ 


Fortunately,  an  experienced  farmer  can  usually, 
tell  if  grain  is  dry  enough  for  storage.  The 
method  used  by  the  fanner  varies  fron»  region 
to  region  and  depends  upon  the  type  of  grdin. 
However,  two  methods  used  by  experienced 
fanners  in  many  places  are:    (1)  pressing  the 
kernel  of  grain  with  the  thumb  nail  to  see  how 


hard  It  is  (dry  grain  Is  hard  to  press),  and  (2)  crushing  the  grain 
kernel  between  the  teeth  to  rnake  sure  It  Is  hard  enough  (dry  enough) 
for  storage.    Some  people  talk  of  testing  to  see  If  grain  Is  dry  enough 
by  smelling  It  for  an  "off"  smell  or  by  rattling  grain  kernels  in  a  tin 
can  to  hear  If  the  dull  sound  of  wet  grain  has  given  way  to  a  sharper 
sound  of  dry  grain. 

The  scope  of  this  first  manual  edition  can  not  be  broad  enough  to  allow 
us  to  add  specific  drying  Instructions  and  suggestions  for  each  type 
of  grain.    Future  editions  may  be  able  to  do  this.    So,  If  your  area  is 
more  involved  with  wheat,  and  you  feel  there  are  additional  facts  farmers 
should  know,  or  there  are  drying  methods  you  have  found  particularly 
helpful  and  would  like  to  share  with  others  around  the  world*  send 
them  in! 

If  there  are  plans  for  threshers  and  winnowers  which  could  be  made  and 
used  effectively  by  fanners,  these  also  could  be  included  In  future 
editions  of  this  manual. 
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PREPARING  GRAIN  FOR  STORAGE 


Suggested  Use:    A  shortened  version  of  the  text.    This  could  easily 
be  illustrated  and  translated  for  use  by  fanners. 


.    Check  the  qrain  In  the  field  before  you  harvest.  Make 
sure  the  grain  Is  free  of  insects  and  disease. 

.    Clean  old  dirt  and  grain  from  harvesting  tools. 

.    Remove  old  grain  and  dirt  from  carts  or  anything 
used  to  carry  the  grain  from  the  field  to  the 
storage  place. 

Use  insecticide  on  all  bins,  sacks,  and  equipment. 
Remember  to  ask  your  extension  worker  for  direc- 
tions.   Always  use  insecticide  carefully- 

.    Harvest  the  grain  carefully.    Do  not  break  the  grains. 
Broken  grain  will  not  store  well. 

.    Keep  the  grain  cool  and  dry  between  the  time  you 
'  harvest  and  the  t-lme  you  store  It. 

.    Clean  the  grain  carefully.    Insects  and  molds  like 
to  live  In  harvested  grain. 

.    Sift,  screen,  winnow,or  pick  out  by  hand  all  dirt, 
straw,  chaff,  broken  pieces  of  grain,  rocks;  and 
Insects. 

.    These  materials  hold  water.    The  grain  dries  better 
and  faster  after  all  the  dirt  is  removed. 

.    Godd  drying  is  very  Important.    Insects  and  molds 
like  moist  grain.    Dry  grain  is  harder  for  them  to 
attack. 

.    Some  fanners  dry  grain  In  the  field.    Insects,,  rodents; 
and  birds  can  attack  this  grain  easily.    Also,  this 
grain  can  get  wet  If  it  rains.    Kaize  can  be  dried 
better  in  the  field  if  the  stalk  is  broken, and  the 
ear  hangs  upside  down*  ' 
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.    It  Is  better  to  take  the  grain  out  of  the  field. 
You  can  bring  the  grain  to  a  special  drying  place 
and  dry  It  In  the  sun. 

.    Keep  the  grain  off  the  ground  while  It  Is  drying. 
Grain  picks  up  water  from  the  ground.    Some  people 
call  this  water* moisture. 

Spread  the  grain  on  mats  or  flat  boards  to  dry  In 
^  the  sun. 

.    Some  fanners  spread  the  grain  on  large  trays.  The 
trays  are  put  out  when  the  sun  is  shining.  The 
trays  are  placed  under  a  roof  when  It  rains. 

Insects  will  leave  grain  that  is  In  the  sun.  Insects 
do  not  like  hot  sunlight. 

.    You  must  watch  the  drying  grain  to  protect  It  from 
rodents  and  birds. 

.  Some  fanners  like  to  use  open  storage  places  called 
cribs.  These  cribs  have  roofs  on  them, and  they  are 
built  on  legs. 

.    These  cribs  work  well  for  unshelled  maize  on  the  cob 
or  for  unthreshed  millet,  sorghum, or  rice.  Maize  cobs 
can  dry  in  the  crib  until  they  are  dry  enough  for 
shelling. 

.  Some  fanners  build  large  drying  machines  to  dry  their 
grains. 

.  The  grain  is  put  in  the  dryer.  A  fire  is  lit  under 
the  grain  to  warm  and  dry  the  grain. 

.  Artificial  or  mechanical  dryers  can  be  used  by  groups 
of  fanners  to  di^y  their  grain.  Your  extension  worker 
can  tell  you  about  these  dryers. 

.  Test  the  grain  when  you  think  it  is  dry.  The  grain 
must  be  very  dry  before  you  put  H  in  storage. 

Dry  grain  Is  hard  to  break.    It  is  hard  to  break  It 
with  your  teeth. 

.    Extension  workers  sometimes  use  special  tools  to  see 
if  the  grain  is  dry.    These  tools  are  called  moisture 
meters. 
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.   When  the  grain  Is  dry.  look  for  Insects  again.  Turn 
the  grain  over  with  your  hand.   You  can  see  Insects 
crawling  around. 

.   Sift  out  the  Insects.   Or  spread  the  grain  In  the  sun. 

.   Destroy  the  Insects  you  take  out  of  grain.   Bum  them. 
They  will  go  right  back  Into  the  grain  if  you  do  not 
bum  them. 

.   Put  the  grain  Into  storage  containers  before  Insects 
can  get  Into  It  again. 

.    Put  each  kind  of  grain  Into  a  separate  container. 

.    Do  not  put  new  grain  with  old  grain.    Store  new  grain 
separately. 

.   Use  old  grain  first. 

.  Store  rice  with  the  outer  coat  on.  This  coat  helps 
protect  the  grain  from  insects  and  mold.  The  grain 
will  be  good  for  a  longer  time. 
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PC /VITA  GRAIN 
STORAGE  MANUAL 


GRAIN  DRYER  MODELS 


This  manual  already  has  talked  about  the  need  for  drying  of  the  grain. 

Unshelled  maize*  r1ce»  millet,  or  sorghum  often  is  stored  in  cribs  for 
further  drying.    The  cobs,  or  heads*  do  not  pack  tightly.    Because  the 
cribs  are  open  to  the  wind,  air  moves  through  the  stored  grain  and  dries 
it.    Even  so,  storage  in  cribs  is  more  effective  in  the  dry  season.  The 
more  humid  air  of  the  wet  season  may  actually  add  moisture  to  the  grain. 
In  addition*  insects   and  rodents  can  cause  serious  damage  to  unprotected 
grain  stored  in  cribs  for  long  periods. 

Threshed  grains,  particularly  those  with  small  kernels  like  millet,  dry 
very  slowly  during  storage.    The  kernels  pack  tightly  together.    As  a  re- 
sult, air  cannot  move  easily  through  the  grain.    Such  grains  can  be  spread 
in  thin   layers  in  the  sun  for  drying.    If  possible*  the  grain  should  be  on 
a  screen  to  let  air  enter  the  bottom.    The  grain  should  be  tumbled  (stirred) 
often  and  carefullv.    The  grain  kernels  can  crack  if  they  are  stirred  too 
hard,  ^ 


The  newer  drying  methods  described 
here  use  heated  air  to  dry  the  grain. 
Hot*  dry  air  is  blown  through  the 
grain-    These  methods  dry  the  grain 
quickly  and  well.    Most  of  them  require 
the  burning  of  fuel  to  heat  the 
air.    This  fact,  together  with 
the  cost  of  building  the  machine, 
often  limits  the  usefulness  of 
drying  machines  for  use  by 
small  fanners. 


THE  PIT  OIL  BARREL  DRYER 


Iraproved  Traditional  Methods 

A  fanner  has  to  think  about  a  lot  of  things  before  he  can  decide  which  type 
of  drying  method  to  use  for  his  crop.    Here  are  some  of  the  considerations 
he  must  keep  in  mind: 

.    Does  his  present  method  work?    If  it  does,  why  change  it?  If 
it  does  not  work,  why  not? 

.    How  much  njoney  will  he  have  to"  spend  for  a  new  drying  method? 

.    Would  he  be  able  to  maintain  a  new  drying  machine?   Could  he 
fix  It?   Does  he  have  enough  time  to  operate  it? 

.    Would  the  cost  of  the  dryer  be  easy  for  h^m  to  get  back  because 
of  better  storage  leading  to  more  grain  to  sell? 

.    Would  it  be  better  to  join  a  group  of  farmers  and  pay  for  the 
cost  of  a  dryer  with  a  group?   Or  does  the  farmer  dry  enough 
grain  to  make  use  of  a  dryer  by  himself? 


You  will  probably  be  abte  to  help  by  offering  alternatives*    For  many  farmers* 
an  improved  method  of  crib  drying  for  maize  or  sun  drying  for  smaller, 
thresned  grains,  would  be  a  step  easily  taken*    Such  a  step  would  insure 
a  much  better  crop. 


Here  are  some  ideas  for  sun-drying  grain: 

Spread  the  grain  in  thin  layers  on  trays  which  can  be  carried. 
Stack  the  trays  under  sheds  or  roofs  at  night  to  protect  the 
grain  from  dew  or  from  rain. 
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.   Make  trays  with  fine-mesh  screening  for  the  bottom.  Support 
the  trays  so  they  do  not  rest  on  the  ground.    The  screening 
lets  dust  and  straw  fall  out  of  the  grain.    Put  the  trays  on 
top  of  each  ether  under  roofs  or  sheds  at  night  and  when  It 
Is  raining. 


SUN  DRYING  USING  PLASTIC  SHEETS 


.    Find  a  plastic  sheet.    Or  use  several  plastic  sheets  Joined 
together.    You  need  a  sheet  about  lOm  x  3in.    The  plastic  should 
be  at  least  .004  gauge  thick. 

.    Build  a  mound  of  hard-packed  earth  to  place  the  plastic  on.  ^ 
If  you  use  level  ground^  build  a  dike  of  earth  around  the  area 
on  which  the  plastic  will  be  placed  to  protect  the  drying 
grain  from  water. 

.    Make  sure  there  are  no  rocks»  wood  and  sharp  things  on  the 
ground  where  the  plastic  will  go.    The  plastic  tears  easily. 

.    Place  the  plastic  In  the  prepared  place. 

.    Attach  the  narrow  end  of  the  plastic  to  straight  poles  made  from 
bamboo  or  other  smooth  material. 

.    Put  clean  grain  on  the  plastic.    Do  not  make  the  grain  more  than 
5cm  deep. 

.    Stir  often  so  the  grain  will  dry  faster.    Turning  and  stirring 
makes  sure  all  parts  of  the  grain  are  touched  by  air  and  sun. 

The  rake  or  other  tool  used  to  stir   the  grain  must  have  smooth, 
rounded  edges.    This  tool  then  will  not  damage  the  plastic  or 
the  grain- 

.    As  the  grain  dries,  moisture  from  the  grain  collects  on  the 
plastic.    After  the  grain  has  been  drying  for  two  hours,  push  all 
the  grain  to  one  half  of  the  plastic  as  shown. 

.    Let  this  plastic  dry  for  5  minutes  or  so. 

.    Push  all  the  grain  to  the  other  half  of  the  plastic  that  is  now  dry 
and  let  this  half  dry  for  5  minutes. 

.    The  plastic  sheet  should  be  aired  In  this  way  every  two  hours  while 
drying  is  going  on. 

.    Cover  the  grain  at  night.    Push  all  the  grain  to  one  end  and  fold 
the  plastic  over  as  a  cover. 


Or  place  an  extra  piece  of  plastic  over  the  grain. 

Remember  to  put  so11»  boards*  rocks»  and  heavy  things  on  the  comers 
and  edges  of  the  plastic  cover  to  keep  It  from  blowing  off. 
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THE  IMPROVED  MAIZE  DRYING  AND  STORAGE  CRIB 


Maize  holds  a  great  deal  of  moisture  inside  Its  kernels  and  husk.  Mhen 
maize  is  harvested*  the  moisture  content  is  high.    It  must  be  much  drier 
before  it  can  be  put  into  closed  storage  containers.    If  maize  is  put  into 
a  Closed  container  right  after  harvest*  molds  cause  heavy  losses  of  grain. 


Drying  Maize 

Harvested  maize  must  have  air  passing  around  it  to  dry  the  kernels.  When 
the  t;ornels  are  dryer,  they  can  t    shelled  (taken  off  the  cob)  and  stored 
in  eirtight  containers.    To  dry  ma*ze  before  shelling/some  farmers  keep 
the  husks  on  the  cob.    Then  ttiey  tve  the  husks  into  bunches  and  hang  these 
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bunches  in  trees.    Some  farmers  hang  these  bunches  on  poles  set  into  the 
ground  or  put  them  in  the  roofs  of  cooking  or  living  shelters. 

■r 

Sometimes  farmers  remove  the  husks  and  pile  the  cobs  loosely  in  open-weave, 
basket  granaries  qv  in  covered  crib  granaries.    These  containers  partly 
protect  the  grain  from  rain.    Storing  maize  this  way  allows  air  to  pass 
over  the  grain  and  dry  it  better.    This  way  of  storing  the  maize  while  it 
is  drying  helps  protect  the  maize  from  mold. 

But  insects  remain  a  big  problem.    They  can  attack  maize  drying  in  cribs 
easily.    Many  farmers  choose  to  leave  the  husk  on  the  maize  cob.    This  does 
provide  some  protection  from  insect  attack  —  particularly  in  traditional 
varieties  of  maize  where  the  husk  is  tight  and  fits  closely  over  the  cob. 
In  newer*  hybrid  varieties  of  maize,  the  husk  is  smaller  and  the  cob  is 
larger.    These  varieties  are  more  easily  attacked  by  insects.    Maize  with 
the  husks  left  on  will  take  longer  to  dry  because  the  air  cannot  pass 
freely  over  the  cob.    Also»  the  husks  are  full  of  moisture  increasing 
drying  time  and  the  risk  of  molding. 

So»  a  good  way  to  dry  and  store  maize  would: 

1)  allow  the  maize  to  dry  without  the  husks. 

2)  control  insect  attack  at  the^  same  time. 

Crib  storage*  already  done  in  many  countries,  seemed  a  good  method  needing 
only  slight  improvement.    Therefore,  much  work  and  study  were  done  to 
design  improvements  into  crib  storage  to  allow  for  both  faster  drying  and 
effective  use  of  insecticides.    Much  of  the  improvement  in  the  crib  storage 
method  is  based  on  proper  use  of  insecticides. 


Insect  Control  in  Cribs 

i 

To  reducii  losses  due  to  insects,  a  number  of  insecticides  have  been 
tested  for  open  crib  storage.    The  maize  put  into  the  crib  must  have  the 
husks  reinoved  so  that  the  insecticide  can  cover  the  whole  surface  of  the 
kernels  on  the  cob. 

Apply  the.  insecticide  to  the  maize  cobs  in  layers.    Put  down  a  layer  of 
cobs  20'25cm  deep-    Dust  the  layer  with  insecticide.    Put  down  another 
layer  of  cobs,  and  then  more  insecticide.    Continue  until  the  crib  is  full. 

When  the  crib  is  full,  put  insecticide  on  the  outside  walls  of  the  crib 
to  prevent  insects  from  entering. 

The  wind,  rain^and  sun  all  can  affect  how  long  the  insecticide  lasts. 
You  can  put  more  insecticide  on  the  outside  of  the  crib  every  three  to 
four  weeks.    Look  at  the  miize  in  the  crib  every  few  weeks  to  see  if  the 
insecticide  is  still  working.    The  insecticide  put  inside  the  crib  will 
last  only  four  or  five  months-    But  while  it  is  working  it  can  reduce  the 
amount  of  maiza  damaged  by  insect  attack. 
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After  four  months, check  the  grain  moisture  level.    The  maize  may  be  dry 
enouyh  to  shell  and  store  in  sacks  or  bins.    The  maize  is  dry  when  the 
kernels  crack  sharply  .between  your  teeth  and  are  not  soft.    If  the  grain 
is  not  dry  enough,  remove  all  the  maize  and  put  it  back  into  the  crib 
again,  layer  by  layer,  dusting  with  insecticide  as  you  go. 


Faster  Drying  ^  ^ 

Keep  the  crib  no  wider  than  Im,    Between  60  and  100cm  are  good  widths  fbr 
dryer/storage  cribs.    The  narrow  width  helps  maize  to  dry  more  quickly. 
Air  cannot  move  through  wider  cribs  to  cool  the  grain  in  the  middle.  Iht 
grain  in  a  wider  crib  will  heat,  and  bft  attacked  by  mold  and  insects. 

Rain  which  wets  the  grain  through  open  crib  walls  is  not  generally  a  prdb' 
lern.    Only  the  surface  of  the  maize  on  the  sides  gets  wet,  and  this  dries 
quickly  after  the  rain  stops.    This  rain  causes  no  increase  in  moisture 
content  of  the  grain  if  there  is  sunny  weather  afterwards. 


The  following  plan  is  a  modification  of  a  crib  designed  and  tested  by 
the  Nigerian  Stored  Products  Research  Institute  and.  the  FAO  Rural 
Storage  Center  at  IITA,  Ibadan,  Nigeria.    The  plan  is  for  a  2m  long 
crib.    It  stores  800kg  of  cob  mize  (this  will  give  540  kg  of  shelled 
iraize).    A  crib  which  is  l,50m  high,  0,60m  wide  and  Im  long  will  store 
400kg  of  cob  maize  (yields  270kg  of  shelled  maize). 


Some  General  Remarks  About  The  Improved  Maize  Drying  and  Storage  Crib 

.    Use  materials  that  are  easy  to  find  in  your  local  area. 

_'__Jhe  crib  will  work  best  if  it  is  no  wider  than  60-70cm. 

A  good  height  for  the  crib  is  2,00-2,25m  from  the  ground  to 
the  roof.    There  is  at  least  50-75cm  between  the  bottom  of  the 
crib  and  the  groujid.    Most  rats  cannot  jump  this  high. 

.    If  bamboo  in  your  area  is  attacked  by  insect  borers,  use 

another  local  wood  f^^r  the  legs.  Make  sure  the  wood  is  termite 
proof.    These  legs  must  have  rat  guards  put  on  them. 

The  long  sides  of  the  crib  must  face  the  sun.    That  is,  they 
should  face  the  east  and  west.    The  short  sides  will  then  face 
north  and  south. 

Make  the  crib  larger  by  adding  more  sections.  '  Make  it  longer. 
Do  not  make  it  wider. 
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Tools  and  Materials 

This  is  a  guide.    You  can,  use  what  you  have  available.    The  frame  is 
bamboo.  '  If  bamboo  fs  not  available  In  your  area,  or  If  the  bamboo  In 
your  area  is  attacked  by  insect  pests,  use  wood  that  is  resistant  to 
termites  or  any  ot'ne/  pests.    Lash  it  together  the  same  way  you  would 
lash  bamboo,  V 

For  the  building  frame  (all  bamboo  or  substitute)-: 

(a)  ^3  vertical  supports,  3  l/2ra  long,  with  V-notches  and  lashing 

slots  in  one  end  of  each  one  ' 

(b)  -3  vertical  supports,  3ra  long, 'with  V-notches  and  lashing  slots 

in  one  end  of  each  one. 

(c)  2  horizontal  roof  supports,  2  l/2ra  long 

(d)  2  horizontal  platform  (floor)  supports,  2  l/2ra  long 

(e)  6  vertical  platform  supports  (with  v-notches  in  one  end  of  each), 
1  1 /2m  long 

(f)  6  notched  hof*izontal  width  spacers,  70cra  long 

(g)  25  poles,  95cm  long,  for  the  platform  surface 

For  the  wall  bracing  and  covering  (raffia,  small  bamboo  or  other  wood): 

(h)  8  cross  braces  (optional  if  frame  is  very  strong): 
•  4  must  be  about  2  l/2m  long 

.  4  mast  be  about  1,70m  long 

(1)  8  wall  supports,  2  1/4ra  long.  / 
(j)    8  wall  supports,  Ira  Ipng  / 


(k)  raffia  or  other  strong  sjats  for  the  wall  covering.  Tie  these 
together  into  a  raat.  The  finished  n(at  should  be  about  6ra  loTjg 
and  1  l/2m  high.'  <.  / 
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For  the  roof  (all  bamboo  or  substitute,  except  for  purlins,  and  roof 
covering  and  loading  cover): 

U)    2  horizontal  pieces,  3  l/4in  long 

(m)    3  cross  pieces,  Im  long 

(n)   2  angle  bracesi  Im  long 

(o)    7  purlins,  3  l/4m  long.    Six  of  these  will  be  lashed  across 
the  cross  pieces  to  support  the  roof  covering;  one  may  be 
attached  to  the  front  loading  cover. 

(p)    raffia  mat  or  grass  forthatch  to  cover  the  roof,  and  also  for 
the  front  loading  cover.    You  will  need  a  horizontal  piece  at 
least  2  l/4m  long  to  weave  the  loading  cover  material  onto  —  it 
need  not  be  bamboo  or  of  a  large  diameter. 


For  rat  guards  (if  you  need  them): 

See.  Section  6*,  Part  2  of  this  manual  for  directions  on  making 
rat  guards  (baffles). 

For  the  lashing  material: 

(q)   You  will  need,  plenty  of  rattan,  rope  or  tie  vine  for  lashing 
all  the  wood  pieces  together. 


1.  Select  a  site.  / 

Find  a  good  site  for  your  storage  crib.    Keep  the  crib  away 
from  the  fields..    This  stops  insects  from  flying  to  the  drying 
grain  from  the  fields. 

2.  Prepa.-e  your  materials. 

.    Collect  all  the  materials  you  will  need. 

Make  V-shaped  notched  1n  one  end  of  each 
of  the  three   3  l/2m  vertical  supports  (a), 
and  cut  some  grooves  on  each  side  just 
beneath  the  notches  to  provtde  a  hold  fbr 
the  lashing  there.    Do  the  same  on  one  end 
of  each  of  the  three   3m  vertical  sup- 
ports (b). 


(a)  &  (b) 
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Make  V-shaped  notches  in  one  end  of 
each  of  the  six   1  l/2ni  vertical 
support  posts  (e). 


(e) 


Make  holes  all  the  way  through 
each  end  of  all  six  70cni 
horizontal  spacers  (f). 


.    Organize  all  the  pieces^  or  mark  them  with  the  appropriate 
letters^  ,so  you  can  find  them  quickly  during  construction. 


3.        Meke  holes  in  the  ground  for  the  legs. 

.    Mark  spots  for  holes  for  the  vertical  supports  (legs)(a)  and 
(b)  on  the  ground.    Make  a  mark  for  the  first  hole;  measure 
Im  and  make  another  mark.    Measure  Im  from  that  mark  in  the 
same  direction  and  make  a  third  mark.    You  should  now  have 
3  marks  in  a  straight  line.    Each  mark  will  be  the  center  of 
a  hole. 

.    Make  three  more  marks»  each  Im  apart»  in  a  line  parallel  to 
the  first  line  and  75cni  away.    Each  of  the  three  new  marks 
should  be  directly  opposite  one  of  the  first  marks  and  75cm 
away. 

.    Dig  six  holes»  each  centered  on  one  of  the  marks.    Make  the 
holes  50cm  deep  and  wide  enough  so  that  two  vertical  supports 
will  fit  down  into  each  one. 
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4.        Erect  the  vertical  supports. 


Lay  the  three  3  1/2m  vertical 
supports  (a)  on  the  ground 
1m  apart,  with  their  ends 
lined  up.    Lash  one  of  the 
2  ^/2m  horizontal  roof  supports 
(c)  to  the  notched  ^ds. 

Lay  the  three  3m  verticil 
supports  (b)  on  t^  ground 
In  the  same  way  and  lash 
the  other  horizof/tal  roof 
support  (c)  to  the  notched 
ends. 

Place  the  two  assemblies 
Into "the  holes. 


V 


5.        Erect  the  vertical  platform  supports. 


Place  the  vertical  platform 
supports  (e)  Into  the^holes 
on  the  Insides  of  the  vert- 
ical supports  you  have 
placed  In  the  holes.  Make 
sure  the  V-notches  are 
facing  upwards. 

Tie  the  platform  supports  to 
the  longer  supports  temporarily 
until  the  next  step  Is 
completed. 


T 
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6.        Install  the  platform  support  framework  and  make  the  structure 
rigid.  ^ 


Place  the  two  horizontal 
platform  supports  (d)  in  the 
V-notches  of  the  platform 
supports. 

Lash  three  of  the  notched 
horizontal  spacers  (f)  to  the 
vertical  supports  (a)  and  (b)« 
across  the  width  of  the  crib. 

Level  and  square  the  framework. 

Fill  the  holes  around  the 
vertical  supports  with  small 
stones  and  soil.    Tamp  down 
firmly. 

Lash  all  joints  tightly. 


7.    Finish  the  platform. 


Lash  the  twenty-five 
g5cm  poles  (g)  next 
to  each  other  on  the 
horizontal  platform 
supports.    This  forms 
the  platform. 
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8.       Install  the  cross  braces. 

.    If  you  think  the  frame  Is  not 
sturdy  enough  by  Itself,  lash 
the  cross  braces  (h)  loosely 
to  the  vertical  supports  on 
the  outside  of  the  crib. 

.    The  2  1/2m  cross  braces  are 
paired  on  the  long  sides  of 
the  cr1b»  and  the  1»70ni  cross 
braces  are  paired  on  the 
ends  of  the  crib. 

.    Each  brace  should  extend  from 
somewhere  near  a  top  corner 
to  somewhere  near  the  oppo- 
site bottom  corner.  Leave 
room  for  a  loading  cover  on 
the  higher  side  of  the  crib. 

.    Make  sure  the  frame  is  straight 
and  even.    Lash  the  braces 
securely. 


9.  Install  the  wall  supports  and  wall-  covering. 
-    Lash  four  of  the  2  l/4m  wall 


supports  (i)  to  the  vertical 
supports  along  the  Inside  of 
one  of  the  long  sides  of  the 
cr1b.    Lash  the  remaining  four 
supports  to  the  Inside  of  the 
other  long  side  of  the  crib. 

Lash  four  of  the  Im  wall  sup- 
ports (j)  to  the  vertical 
supports  along  the  inside  of 
one  end  of  the  crib,  and  four 
of  them  along  the  inside  of 
the  other  end. 

Lash  the  already^prepared  wall 
covering,  6m  x  1  l/2m  (k),  to 
all  the  wall  supports  on  the 
iiiSide  of  the  frame. 
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10,       Build  the  roof.  .    Call  the  high  side  of  the  crib 

the  front  and  the  lower  side 
the  back, 

.    Measure  the  distance  between  the 
centerlines  of  the  front  and  the 
back  horizontal  roof  supports  (c) 
which  are  lashed  to  the  tops  of 
the  vertical  supports  (a)  and  (b). 

.    Lay  out  the  two  3  l/4m  horizontal 
roof  pieces  (£)  on  the  ground  so 
their  centerlines  are  the  same 
distance  apart  as  the  measurement 
you  have  just  made,  ^" 

•    Lash  the  three  Im  cross  pieces 
(ni)  on  top  of  the  horizontal 
roof  piecest  Im  apart.    When  the 
roof  IS  placed  on  top  of  the  frame^the  cross  pieces  should  cross  over 
the  ends  of  the  vertical  supports  of  the  frame.  ^ 


Lash  the  two  Im  angle  braces  (n)  to  the  horizontal  roof  members  so 
that  they  extend  diagonally  across  the  two  spaces  in  the  roof  frame. 

Lash  six  3  l/4m  purlins  (o)  on  top  of  the  three  cross  braces  so  that 
they  extend  longways  along  the  roof  frame.    Lash  the  first  and  last 
purlins  near  the  ends  of  the  roof  cross  braces. 

Lash  raffia  mat  in  overlapping  layers  to  the  roof  frame. 
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11.       Install  the  roof. 


.    Place  the  roof  on  top  of 
the  frame  as  shown 
(looking  at  the  end). 

-    Lash  the  roof  in  place. 

12.       Make  and  instal I  a 
front  loading  co^er. 

.    Lash  raffia  mat  to  a  2  l/4m 
long  bar  to  form  the  front 
loading  cover.    The  mat  should 
be  made  large  enough  to  hang 
down  beyond  the  top  edge  of 
the  wall  covering  when  the  bar 
is  lashed  in  place  up  under 
the  front  edge  of  the  roof. 

.    Lash  the  bar  holding  the  raffia  mat  up  under  the  front  horizontal 
roof  piece. 

13-       The  crib  is  ready  for  use. 

.    Load  the  crib-    Lash  down  the  bottom  corners  of  the  loading  cover 
to  the  frame  during  drying  and  storage. 
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NEMER  DRYING  METHODS 


Some  farmers  have  more  money  and  are  more  In 
need  of  a  faster,  more  reliable  way  of  drying 
their  crops.    Controlled  drying*  or  drying 
with  a  device  which  creates  heated  air  for 
drying,  can  be  very  helpful  to  farmers  who  are 
ready  and  able  to  make  use  of  newer  nwthods. 
Used  appropriately »  these  drying  methods  can 
help  a  farmer  to: 

.    harvest  earlier  and  get  his  land 
ready  for  a  new  crop  sooner. 

.    avoid  grain  losses  to  insects* 
birds,  and  rodents  during  long 
natural  drying  times. 

store  better^prepared  grain,  keep  it  In  storage  longer,  and 
take  it  out  in  better  condition. 

.    make  more  money  from  the  sale  of  his  grain. 

Four  different  dryer  plans  are  presented  here.  Two  are  made  using  oil 
barrels  and  are  heated  with  a  fire.  The  Philippines  Rice  Dryer  uses  a 
fan  and  also  uses  heated  air.  The  solar  dryers  are  three  variations  of 
the  same  idea. 


Be  Sure  a  Dryer  Will  Suit  Farmers*  Needs 

There  are  several  factors  which  may  determine  the  usefulness  of  faster 
drying  to  farmers  in  your  area.    It  is  not  possible  to  give  guidelines 
for  what  a  farmer  could  do  in  every  case,  but  these  are  some  of  the  basic 
ones. 

The  Storage  Method.    It  will  not  be  as  useful  to  build  a  dryer  that  dries 
grain  to  a  low  moisture  level,  and  then  store  the  grain  in  something 
which  will  not  keep  it  this  dry  —  such  as  cribs,  unsealed  gourds  or 
baskets,  sacks,  most  kinds  of  earthen  pits,  or  mud*walled  structures 
which  do  not  have  extra  protection  against  moisture.    Airtight  storage 
will  make  the  use  of  these  dryers  worthwhile. 
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Type  and  Condition  of  Grain.    Rice  will  crack  easily  in  high-temperature 
drying.    Newer  varieties  of  ricejiust  be  harvested  when  they  still  contain 
around  25?;  moisture;  since  the  husks  (containing  moisture  themselves) 
must  be  left  on  while  drying^  and  the  rice  grains  will  be  tightly  packed » 
a  very  }oiiq  time  in  the  dryer  would  be  needed.    In  the  two  oil  barrel  dryer 
designs^  heat  is  not  likely  to  flow  evenly  through  the  tightly  packed 

kernels:   and  much  rice  would 
be  damaged  by  cracking.  P 
fans  are  added  to  the  oil 
barrel  dryers  to  force  a  more 
even  flow  of  warm  air  up  through 
the  grain»  farmers  should  be  able 
to  dry  rice  successfully.  The 
Philippines  Rice  Dryer  uses  this 
TOthod.    It  may  be  difficult  or 
impossible  to  dry  rice  in  solar 
dryers.    Other  grains  which  also 
pack  tightly^  but  give  up  their 
moisture  more  easily »  and  are  not 
so  likely  to  crack  and  shatter » 
may  be  safely  dried  as  long  as 
not  too  thick  a  layer  is  put 
into'the  dryer  at  one  time. 


Rice.  Vxyz^ 


MoisLure  in  Grajn,    Drying  very  moist  grain  will  take  longer.    The  safest 
way  tu'dry  moist  grain  is  for  a  longer  time  at  a  lower  temperature.  It 
would  be  difficult  to  avoid  overheating  portions  of  the  drying  grain 
during  a  long  period  of  time  if  the  temperature  were  not  kept  down. 
It  is  difficult  to  control  the  drying  temperatures  accurately  in  oil 
barrel  dryers  without  fans  and  in  solar  dryers. 


Moisture  ;n  Air,    The  weather  in  your  area  will 
the  grain  takes  to  dry.    In  a 
n^te  or  season^  grain  will  take 


affect  how 

weU  col d  c  .      _  ,  . 

longer  to  dry  than  in  a  dry,  warm  place 
Heated -a  ir  dryers  might  be  very  useful 
where  Jrying  i.ust  be  done  in  wet  or  cold 
contlitiuiis  which  cause  farmers  to  lose 
grain  lo  insecLs  and  molds  during 
lonq  natura!  drying  times.  But*, 
at  teasL  in  the  cases  of  the 
oil  barrel  and  solar  dryers, 
this  must  be  weighed  against 
prohleiiis  caused  by  relatively 
long  dt^ying  times  in  the 
dryer\  '-^ 


Sunpf''  Oi'i 


Fuel ,    What  kinds  of  fuel  are  avai  Table  >  and  how  much 
Is  the  cost?   You  must  know  this  to  determine  the 
value  of  heated  drying,  especially  if  you  expect  longer 
drying  times  in  a  dryer.    Firewood  is  not  always 
plentiful      or  even  available      in  an  area.    Even  if 
available,  it  may  be  costly.    Maize  cobs  or  some  other 
natural  fuel  may  be  available*    Farmers  may  have  to 
pay  the  labor  costs  for  gathering  these  fuels*  Try 
to  be  sure  farmers  will  not  be  spending  more  on  fuel 
than  they  will  be  saving  by  marketing  more  and  better 
quality  grain. 

Other  Important  Factors >    If  the  grain  is  to  be  used  to  seed,  it  should 
not  be  heated  beyond  45^C*    It  will  be  difficult  or  impossible  to  control 
the  drying  of  seed  grain  in  these  dryers* 

Other  possible  costs,  the  availability  of  some  materials,  and. 
cultural  values  or  local  preferences  must  also  be  taken  into  account. 


Some  Notes  on  the  Dryers 

There  are  many  dryers  being  developed  all  over  the  world.    But  much  of 
this  research  Is  being  carried  out  for  use  in  large-scale  drying  operations* 
This  manual  is  concerned  with  the  small-scale  fanner  and  his  problems* 
The  drying  method  he  chooses  must  be  appropriate  for  his  situation* 

The  two  dryers  made  out  of  oil  barrels  and  hand-rammed  earth  or  mudblocks 
have  only  one  part  which  may  be  expensive  —  the  oil  barrels  themselves  — , 
but  the  materials  are  available  almost  everywhere.    In  the  Pit  Oil  Barrel 
Dryer  the  barrels  are  sunk  into  a  pit.    The  Simple  Oil  Barrel  Dryer  is 
built  entirely  above  ground*    They  each  require  mostly  simi>le  labor  and 
would  be  good  projects  for  a  group  of  farmers* 


Cu.taii'atj  0^  the  Pit 
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The  Philippines  Rice  Dryer  is  made  from  wood  and  spare  auto  parts. 
A  fdn  provides  reliable  air  flow  and  more  even  heating.    011»  kerosene 
or  rice  hulls  may  be  used  for  heating  fuel*  and  a  small  gasoline  or 
diesel  engine^  or  an  electric  motor  may  be  used  to  power  the  fan.  It 
requires  more  1n  the  way  of  materials.    Thus  It  may  not  be  usable  by 
many  fanners  because  of  unavailability  or  high  cost. of  materials.  But 
the  plan  is  included  because  there  are  farmers  who  are  Interested  In 
this  kind  of  machine^  and  it  does  represent  a  relatively  small-scale* 
appropriate  method  of  drying. 

The  solar  dryers  provide 
faster  drying  and  require  no 
fuel.    By  enclosing  the  drying 
grain*  they  retain  the  heat 
of  the  sun  better  than  just 
spreading  the  grain  out  in 
the  sun  to  dry.    They  require 
little  or  no  maintenance. 
Except  possibly  for  plastic 
sheet  or  corrugated  roofing* 
all  the  materials  should  be 
available  almost  everywhere. 
One  of  the  models'  heating 
Cdi^acity  can  be  augmented 
by  adding  a  fire  and  d  flue 
under  the  grain  bed. 

Again  it  is  important  to  say  that  these  dryers  and  drying  methods  are 
included  here  to  provide  good  examples  of  drying  choices  farmers  might 
be  interested  in.    If  a  method  is  not  quite  right  for  the  fanners  in 
your  ared.  perhaps  only  a  slight  change  will  be  necessary.    You  may 
discover  you  can  use  ideas  from  one  plan  in  another  plan.    Let  us  know 
if  VITA  can  help  make  one  of  these  plans  more  useful.    If  you  know  of 
a  plan  for  a  small-scale  dryer  useful  to  fanners  which  is  not  included 
here»  rend  it  to  VITA  for  inclusion  in  the  manual. 
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iLSIMPLE  OIL  BARREL  DRYER 


This  design  Is  based  on  material  prepared  in  1973  by  the  Institute  for 

Agricultural  Research  at  the  Ahtnadu  Bello  University  In  Zar1a»  Nigeria* 

It  IS  similar  to  the  Pit  Oil  Barrel  Dryer»  but  It  Is  easier  to  build. 

It. rests  on  the  ground  so  you  do  not  need  to  dig  any  pits  or  trenches. 

The  drying  grain  is  placed  on  a  screen  floor  above  four  oil  barrels 
fastened  together.   Warm  air  from  the  fire  —  which  is  built  In  the  front 
half  of  the  barrel  chamber     passes  through  the  barrels  and  out  the 
chimney.    This  warms  the  air  around  the  barrels^  which  rises  through  the 
screen  floor  and  dries  grains 

Grain  can  be  harvested  without  waiting  for  any  drying  In  the  field  and 
during  any  weather  (If  you  build  a  shelter  over  the  dryer).    Problems  of 
Insect  and  rodent  damage  during  drying  in  fields  or  cribs  are  avoided. 
Construction  materials  are  easy  to  find  in  most  places. 


_        A  $4inpl^  Oil  BawcZ  VfiyoK 

It  is  tetter  for  a  group  of  farmers  to  share  In  the  building  and  use  of 
this  dryer.    Make  sure  there  is  enough  fuel  In  your  area  to  operate  the 
dryer.    Firewood  or  maize  cobs  will  work  well.    Placing  a  fan  to  force 
air  through  the  barrels  will  reduce  the  amount  of  fuel  needed. 

Do  not  use  this  dryer  to  dry  grain  kernels  you  will  use  later  for  planting. 
It  gets  too  hot* 

In  this  plan  mudblocks  are  used  to  make  the  walls.  Kand^rammed  earth  may 
also  be  used  without  putting  it  into  blocks  first.  You  may  substitute  an 
available  local  material  that  will  be  as  strong  and  resistant  to  wear  and 
heat,  such  as  burned  brick*  Sandcrete  (cement  and  sand)  or  concrete  blocks 
win  crack  with  the  heat.  If  b^nco  (earth  and  water)  Is  already  used  for 
coHfi true t ion  in  your  *rea,  the  same  h1gh-clay*content  soil  will  work  wftll 
for  the  dryer*  You  may  mix  In  cement  with  low-clay^  soil  to  build  earthen 
walls. 

This  dryer  is  made  with  four  barrels.    You  can  build  one  with  more  or  less 
barrels.    If  you  make  it  too  much  longer  you  may  have  trouble  getting  a 
good  draft  from  the  fire  going  through  them*    You  should  also  narrow  the 
width  of  the  dryer  somewhat  if  It  is  longer^  so  as  not  to  overload  Its 
heatirg  capacity.  ^  You  can  make  a  shorter  dryer  wider.    A  smaller  dryer 
might  also  be  very  useful  to  dry  smaller  fruit  or  vegetable  crops. 


R£AP  THl  THROUGH  BEFORE  VOU  BEGIM 


\  Toolj^  '^/^j^^^terials  ^ 
\  ,    4  220-litre  oil  barrels 

about  375  mudbloc(cs»  each  measuring  15  x  20  x  25cm 
^  wood  to  make  a  form  for  the  mudblocks 

.    about  2m  of  heavy  wire,  to  join  the  barrels 

^  3  strips  of  small-mesh  screen,  each  about  180cm  long 

and  a  few  centimeters  wide,  to  cover  joints  between  barrels 

I 

a  little  cement  and  some  sand  to  make  mortar  for  sealing  the 

joints  between  the  tjarrels 

'  I 

.    13  &-10cm  wide  logslfor  drying  floor  supports.    Cut  them  about 
2m  long,  equal  to  the  outside  width  of  the  dryer. 

b  1/2  or  7  square  meters  wire  mesh,  for  the  drying  floor  i 

OR                ^  ^ 

about  the  same  area  of  heavy  woven  mats,  plus  a  total  of  10m 
of  wire  mesh  strips,  about  20cm  wide 


So 


I 
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,    OPTIONAL:   materials  for  making  concrete,  plus  reinforcing  rods; 
or  heavy  metal  bars.   These  will  make  reinforcing  crosspieces 
across  the  barrels  in^the  front  and  back  walls  of  the  dryer/, 

1 .     .  Select  and  prepare  a  site.  '  j 

Select  a  site  that  is  well  drained  ^nd  can  easily  b?  made  level. 

.    Plan  to  place  the  dryer  so  the  chimney  will  be  on  the^ downwind 
side  of  the  prevailing  wind  during  thie  season  when  the  dryer 
will  be  used  most. 

.  Build  up  the  ground  on  the  site  a  little  so  rainwater  will  not 
collect  around  the  dryer.  Make  it  level.  Make  the  raised  and 
level  area  about  6,50m  x  4m. 

.    Tamp  the  earth  down  firmly^o  it  will  not  shift  or  crumble 
under  the  finished  dryer. 


\ 

.   Cut  both  ends  from  three  220  litre  barrels. 


Cut  one  end  from  a    .  . 
fourth  barrel.    Cut  a 
hole  about  20  x  20cm 
across  near  the  edge  in  the 
bther  end  of  this  barrel.    This  . 
will  make  an  opening  into  the  chimney 
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Punch  four  evenly  spaced  holes 
around  the  rim  of  each  barrel 
where  It  will  join  another 
barrel . 


Join  the  four  barrels  together 
by  tying  ^>1eces  of  heavy  wire 
through  the  punched  holes. 
Jwlst  the  «nds  axtd  press  them 
down  fl^t  against  the  barrel. 


Save  two  of  the  cut-off  barrel 
ends  to  use  later  as  dampers* 
one  at  *the  front  entrance  to 
the  barrels  ^nd  part  of  the  ^ 
other  over  top  of  the  chimney 
hole. 


Make  mudblocks. 


Make  a  form  out  of 
wood  to  mold  mud^ 
blocks  with.  One 
that  will  make 
threp  at  a  time 
might  be  a  good 
size.    Make  it  so 
that  each  fi  lished 
block  win  measure 
15  X  20  X  25cm. 


You  will  need' about 

375  mudblocks.    Let  them  dry 

hard  before  using. 
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4,        Begin  the  dryer  waUs, 


,    Mark  the  outside  dimensions  of  the  dryer  on  the  dirt  foundation 
,  you  have  made.    It  will  be  a  rectangle  measuring  about  3,50  x  2in, 


.    Call  3,S0m  the  length  of  the  sides  and  2m  the  width  across  the 
front  and  the  back.    Make  your  marks  so  that  the  front  of  the 
dryer  will  sit  back  about  2m  from  the  edge  of  the  raised  and 
levelled  earth  foun/latlon*    This  will  leave  about  1m  at  the  back. 
Leave  about  ^v^  on  each  side. 


Allow  for  variations  in  the  actual  size  because  of  differences 
in  the  mudblocks  and  spaces  between  them  for  mortar. 


Make  a  mixture  of  mortar  out  of  the  same  material  you  used  for  the 
blocks.    Add  just  enough  water  so  it  is  not  too  watery.  ' 
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.\  Lay  down  the  first  layer  of  mudblocks.    Place^blocks  so  that  20cni 
is  the  thickness  of  the  wallsand  IScm  is  the  vertical  dimension. 

.    Mortar  between  the  blocks.    Allow  about  1cm  between  blocks  for  a 
good  mortar  joint. 

It  is  important  to  make  the  right  distance  between  the  front  and 
the  back  walls.    Since  the  asisembled  oil  barrels  will  be  about 
3»45m  long»  make  the  distance  between  the  inside  edges  of  the  front 
and  back  walls  about  3»10m.    This  will  allow  the  ends  of  the  barrels 
to  rest  firmly  on  the  first  layer  of  blocks  at  each  end.  Later 
they  will  be  enclosed-around  the  sid<^s  by  the  finished  end  walls» 
making  a  good  seal  against  smoke  from  the  fi'^e  leaking  around  the 
barrels  and  passing  up  through  the  drying  grain. 

.    The  three  spaces  along  each  side  wall  will  be  air  vents.   When  the 
dryer  is  in  operation  cool  air  will  be  drawn  in  through  them, 
warmed,  and  then  rise  through  the  grain  to  dry  it. 

Make  the  air  vents  each  about  15cm  across.    If  you  have  trouble 
getting  a  3, 10m  distance  between  the  inside  edges  of  the 'front 
and  back  walls,  you  may  change  the  size  of  the  vents  a  little. 


5.        Place  the  barrels. 

Place  six  free-standing  blocks  down  the  middle  of  the  dryer. 
These  will  support  the  barrels.    Getting  the  barrels  up  off  the 
ground  helps  air  to  move  around  them  and  also  reduces  the  chance 
of  their  rusting. 

Put  a  layer  of  mortar  on  each  of  the  blocks  down  the  middle  of  the 
dryer  and  on  the  center  part  of  the  front  and  back  walls  where  the 
.         barrel  ends  will  touch. 
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Lay  the  barrels  In  place  on  the  mortar  and  brace  them  temporarily 
with  sticks  If  they  want  to  roll.   Make  the  chimney  end  of  the 
barrel  assembly  flush  with  the  outside  edge  of  the  back  wall. 
This  should  cause  the  front  end  of  the  barrel  assembly  to  He  most 
of  the  way  acrois  the  front  wall.   Make  sure  the  hole  that  will 
let  smoke  Into  the  chimney  Is  on  the  top  of  the  end. 

Seal  the  joints  between  the  barrels.    Place  a  strip  of  screen 
around  each  one  and  plaster  with  a  mixture  of  mortar,  one  part 
cement  to  eight  parts  sand,  and  water. 

Test  the  seals  at  the  joints.    Light  a  smoky  fire  in  the  first 
or  second  barrel  from  the  front  and  see  if  smoke  escapes  anywhere 
except  the  hole  for  the  chimney*    Don't  let  It. burn  long  enough  to 
dry  the  mortar  on  the  Joints,    Keep  the  mortar  damp  until  it  is 
hard* 
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Continue  the  walls, 

.    Lay  down  five  more  layers  of  mudblocks, 

*  Lay  the  blocks  so  that»  as  much  as  possible^  each  block  crosses 
over  a  joint  between  blocks  in  the  layer  below*  This  will, make 
the  walls  stronger, 

•  The  air  vents  are  only  as  high  as  the  very  first  layer  of  blocks 
(15an),    Span  over  top  of  each  vent  with  one  full-size  block. 


8, 


A  S>unp£e  Oil  BoM.^  t>KyVi 


To  make  good  continuous  layers  of  blocks  you  will  have  to  cut 
some  blocks  into  smaller  sizes. 


Bring  the  blocks  In  the  front  and  back  walls  as  close  as  you 
can  to  the  sides  of  the  barrels.    Fill  In  the  spaces  completely 
with  mortar  so  there  will  be  no  air  lerxs. 
you  can  mix  some  cement  wltN  this  mortar. 


For  added  strength 


If  you  think  the  ends  of  the  barrels  are  not  strong  enough  to 
support  three  or  four  layers  of  blocks  above  them,  then  make 
crosspieces  out  of  reinforced  concrete  or  use  Iron  bars  to  put 
across  the  top  of  the  barrel  ends.    Make  then:  longer  than  the 
width  of  the  barrels.    Mortar  them  Into  place  In  the  wall»  and 
make  the  tops  even  with  the  top  surfaces  of  the  walls. 


PLACe  CRO^OPieCES 
»N  THESE  SPACES 

IF  you  05e  TMEM 


FlU.  THe  SPACES 
BCTWCBN  THE  BLOCKS 
BARRELS 

WITH  WORTAK- 


ERIC 
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Hake  a  drying  floor  screen. 

.    Prepare  screen  to  the  right  size  for  the  drying  floor/  Assemble 
whatever  size  sections  you  have  by  overlapping  about  S-lOcm  and 
fastening  together  with  thin  wire. 

.    The  overall  size  should  be  about  3»30  x  1 »80m.    This  will  allow 
about  lOcm  on  each  side  to  be  embeHcled  into  the  walls. 

.    Check  the  size  of  the  screen  by  stretching  it  lightly  across 
the  top*of  the  dryer.    If  it  overhangs  beyond  the  outside  edge 
of  any  wall  when  1t  is  centered*  trim  1t  back.    If  it  is  too 
small »  add  some  screen  where  it  is  needed.    When  you  ttre 
satisfied*  set  the  screen  aside. 

NOTE;    Small-mesh  screen  Is  best.    But  chicken  wire  can  bL 
used.    Place  straw  mats  over  chicken  wire»  or  other 
large-hole  screer^»  so  grain  will  not  fall  through 
the  holes.  \ 

Some  kinds  of  woven  mats  are  very  strong.    These  can 
be  used  in  place  of  screen.    In  some  places »  screen 
may  be  costly.    If  you  use  mats  in  place  of  screen* 
it  would  be  best  to  prepare-some  strips  of  metal 
screen  to  embed  around  the^nsides  of  the  walls  and 
fasten. mats  to.    Then»  if  the  mats  later  rot  or  weaken, 
around  the  edges  (or  anywhere)*  there  will  be 
something  to  fasten  new  mats  to. 


Place  the  drying  floor  supports  and  screen;  finish  the  walls. 

.    Put  a  layer  of  mortar 
down  on  the  top  of  each 
side  wall. 

.    Lay  the  thirteen  logs 

down  on  the  mortar, 

from  one  side  wall  to- 

the  other.    Space  them 

evenly.    You  should 

leave  about  l5cm  between 
^  each  one  and  between 

the  log  on  each  end  and 

the  end  wall  next  to  It. 

The  15cm  may  be  a  little 

different;  it  will  depend 

on  the  size  of  the  logs, 
  The  log  ends  should  come 

the  outside  edge  of  each 

wall . 


V^JfVl  ModeZA  -30- 


A  Sxmptt  OH  BoAKtt  VfiyeA 


.    Fill  the  spaces  between  the  logs  with  mortar  up  to  the  tops 
of  the  logs, 

.    Bu11d  up  the  front  and  back  walls  and  the  corners  of  the 
dryer  to  the  same  height  as  the  tops  of  the  logs. 

While  the  mortar  is  still  wet  on  the  tops  of  the  four  walls, 
lay  the  screen  you  have  made  in  place  on  top  of  the  logs. 
^  ^   Center  it  so  about  the  same  width  extends  over  each  wall. 
Stretch  any  wrinkles  or  kinks  out  of  it, 

-  ,    Place  a  thick  layer  of  mortar  over  the  screen  the  width  of 
the  wall  so  that  it  filis  the  holes  in  the  screen  and  gives 
a  good  base  to  lay  mudblocks  on.    Lay  mudblocks  in  the  usual 
way. 
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.    Lay  down  two  layers  of  mudblocks  above  the  screen.   This  will 
make  a  drying  chamber  a  little  more  than  30cni  deep»  which  should 
be  plenty  for  the  most  bulky  grains »  such  as  maize  on  the  cobs. 

.    Smooth  any  rough  spots  on  the  tops  of  the  walls,  so  no  bumps  or 
loose  pieces  will  be  knocked  Into  the  dryer  when  It  Is  In  use. 


Build  a  chimney. 


BACK  wAiO^ 

OF  PRVER 


THE  HOU^  rM 


Build  a  chimney 
up  against  the  back 
wall  of  the  dryer. 
Center  it  on  the  smoke 
outlet  hole  cut  In  the 
end  of  the  back  barrel. 


You  can  use  mudblocks  the 
same  size  as  In  the  dryer 
walls,  and  mortar.  Position 
the  20cm  edges  vertically.  This 
will  give  about  a  12  x  12cm  smokehole 

In  the  center*  which  Is  large  enough  to  allow  easy  smoke  escape* 
but  small  enough  to  keep  down  heat  loss  from  the  barrels. 

Leave  a  space  in  the  chimney  wall  against  the  hole  In  the  barrel 
end.    It  win  start  after  two  layers  of  blocks  and  be  about  two 
layers  high.    Fill  in  irregular-size  spaces  Itt  the  brickwork  with 
cut  blocks  or  mortar.    Center  a  full-size  block  over  top  of  the 
space  you  have  made.    Continue  laying  blocks  until  the  chlnmey 
rises  at  least  1/2  meter  above  the  tops  of  the  dryer  walls. 
This  win  keep  sffloke  out  of  the  drying  grai:*. 

Hake  sure  the.  chimney  1s  sealed  and  free  of  cracks*  so  there  is 
only  one  way  for  smoke  to  go:    through  the  hole  in  the  barrel  end 
and  out  the  top  of  the  chimney  hole. 
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1.  A  shelter  over  the  dryer  will  protect  it  and  drying  grain  from  rains. 
Build  an  open-sided  one  to  overhang  the  dryer  at  least  1/2ni  on  each 
side,  and  more  on  one  side  if  you  wish  to  have  room  for  storing  fuel* 
a  work  area.  etc. 

2.  Gather  dry  wood»  maize  cobs  or  other  fuel  before  drying  begins. 

3.  Build  the  fire  in  the  first  barrel  or  m1d*way  Into  the  second  barrel. 

4.  Prop  one  of  the  cut-off  barrel  tops  against  the  front  opening  Into 
the  barrels  on  a  block  or  a  rock  to  adjust  a  good  draft  for  the  fire. 
A  piece  of  a  barrel  top  can  also  be  placed  part-way  over  the  top  of 
the  chimney  to  give  you  more  control  of  the  draft. 

5.  Watch  and  control  the  fire  at  all  times  during  drying.   Do  not  dry 
with  too  large  a  fire:   you  may  kill  or  scorch  the  grain.    A  medium 
size  fire  will  give  the  best  distribution  of  heat, 

6.  If  you  have  trouble  getting  enough  heat*  In  the  Simple  Dryer  you  may 
try  partly  covering  the  side  vents  to  get  a  better  draft  up  around 
the  barrels* 


i 

7.  You  can  modify  the  dryers  by  installing  a  fan  or  fans  to  push  a 
steady  flow  of  air  up  around  the  barrels  and  through  the  drying 
grain.   The  resulting  larger  volume  of  less-hot  air  will  dry  the 

grain  faster  and  with  little  danger  of  overheating.  ' 

8.  The  dryers  will  take  some  time  to  reach  operating  temperature 
while  the  walls  are  heating*    Continue  drying  operations  day  and 
night  to  make  best  use  of  the  heat  built  up  In  the  dryer.  Load 
it  with  a  fresh  batch  as  soon  as  the  one  before  is  dry. 

9.  Limit  the  drying  temperature  for  food  grains  to  5D-55**C.  The 
bottom  layer  of  grain  should  not  be  too  hot  to  hold  in  your  bare 

— — -^ands.    Grains  for  livestock  feed  may  be  dried  at  higher  temperatures. 
Do  not  dry  rice*  beans  or  any  grain  to  be  used  for  seed  in  these 
dryers  —  unless  you  install  fans*  and  even  then  proceed  cautiously. 
These  grains  must  not  be  heated  to  more  than  A5^C. 

ID.    Do  not  stir  the  drying  grain.   Grain  in  the  top  layers  receives 

moisture  passed  up  from  the  wanner  grain  at  the  bottom*  and  gradually 
releases  it  as  drying  is  completed.    If  you  stir  these  wetter  kernels 
down  again*  they  will  re-wet  the  drier  kernels  that  got  stirred  up 
to  the  top  "  and  drying  will  take  longe;'.    Stir  only  to  release 
the  heat  if  overheating  occurs. 

11,  Dry  grain  until  the  moisture  content  is  about  12%,  Grain  is  dry 
when  a  kernel  is  hard  and  breaks  between  your  teeth  with  a  sharp 
crack. 

12,  load  small  grain  such  as  millet  and  sorghum  in  a  layer  5-8cm  deep. 
Shelled  maize  and  other  grains  may  be  loaded  up  to  IDcm*  groundnuts 
up  to  20cmt  and  maize  on  the  cobs  up  to  30cm.' 

13.  Maize  may  take  one  to  two  days  to  dry, 

14.  Do  not  let  dirt  build  up  in  the  dryer.    Do  not  let  the  air  vents  that 
let  air  up  around  the  barrels  get  clogged.    Keep  the  area  clean. 

15.  Check  for  rust  holes  in  the  barrels  and  for  cracks  in  the  joints. 
Replace  badly  rusted  barrels  and  re-se^l  cracked  joints.    Smoke  leaking 
into  the  drying  grain  will  discolor  it  and  change  its  taste  and  smell. 

16,  If  you  need  to  get  up  on  the  dryer  floor  while  loading  or  unloading 
grain*  avoid  tearing  the  screen  or -mats  —  do  not  stand  in  the  spaces 
between  the  log  supports. 

16.    If  one  of  the  logs  supporting  the  screen  in  the  Simple  Barrel  Dryer 
becomes  weak  or  rotted*  you  will  be  able  to  replace  it  by  chipping 
some  of  the  mortar  away  fiX)m  eac.n  end.  and  pulling  or  knocking  it 
out.    Slide  in  a  new  log  and  mortar  the  spaces  around  the  ends. 
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This  dryer  Is  based  on  a  plan  prepared  In  1974  by  American  Peace  Corps 
Volunteers  In  Benin,  West  Africa.    It  Is  called  the  Oil  Barrel  Dryer 
simply  because  It  is  made-  from  oil  barrels.    It  actually  has  received 
different  names  depending  upon  the  country  where  It  was  used.  The 
first  oil  barrel  dryer  was  built  In  Samoa  to  dry  coconut  meat.  Since 
then,  this  dryer  has  been  built  and  tested  In  a  number  of  countries, 
including  Nigeria  and  Benin.    The"  dryer  also  is  known  as  the  Low  Cost 
Bush  Dryer  and  the  Brooks  Dryer.  ^ 

oproven  advantages  of  the  Oil  Barrel  Dryer: 

It  is  useful  in  areas  where  grain  must  be  harvested  in 
rainy  weather, 

-    Maize  on  the  cob  can  be  dried  without  long  drying  in  cribs 
and  use  of  contact  Insecticides. 

Construction  materials  are  easy  to  find  In  most  places. 

.    Fanners  can  buHd  the  dryer  with  little 
assistance  or  supervision. 

.    It  dries  a  lot  of  grain  In  a  short  time. 

.  ^Grain  can  be  harvested  earlier.    Because  there  is  less 
drying  time  in  the  field*  there  is  less  danger  of  Insect 
and  rodent  damage: 


Possible  disadvantages  (depending  upon  area  or  situation): 

It  is  a  better  dryer  for  a  group  of  fanners  than  it  is  for 
one  fanner.    One  fanner  would  not  need  It  very  much  during 
a  year.    Sharing  by  a  group  of  fanners  means  more  use  and 
less  expense  to  each  farmer  In  building. 

•  The  fuel  used  in  this  dryer  is  often  firewood;  sometimes 
maize  cobs  also  are  burned.  Firewood  Is  becoming  harder 
;;o  get  and  more  expensive  in  many  places. 

There  is  no  fan  included  in  this  plan  to  fore*  air  through 
the  heating  chamber  and  the  grain  bed.    Small  gas  motors 
needed  to  drive  fans  often  are  v^ry  expensive. 

.    It  should  not  be  used  for  grain  which  will  be  used  for 
planting. 
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.  It  would  be  wort)iwh11e  to  find  other  economical  natural 
fuels  (like  maize  cobs). 

.  Banco  construction  (hand-rantned  earth)  works  only  where 
,  there  is  a  high  clay  content  in  the  soil. 

Fans  placed  to  drive  the  wanned  air  around  the  outside  of  the  barrels  up 
through  the  drying  grain  would  increase  the  efficiency  of  the  dryer.  It 
will  be  necessary  to  find  a  suitable  power  source  for  the  fans.  In  areas 
where  there  are  many  small  motor  bikes »  it  must  be  possible  to  construct 
a  power  drive  made  from  a  motor  bike  which  permits  temporary  hook-up  and 
easy  detachment  of  the  bike  as  a  power  source. 

The  dryer  is  made  of  hand-rantned  earth,  known  in  different  areas  as  banco, 
terre  de  barre,  adobe,  etc.    The  maize  or  other  grain  is  placed  on  a 
screened  drying  floor.    This  floor  is  placed  above  a  firebox  made  of  three 
220  litre  metal  oil  drums  joined  together  end  to  end.  \ 


You  may  substitute  an  available  local  material  that  will  be  as  strong  and 
resistant  to  wear  and  heat  as  the  banco,  such  as  burned  brick.  Sand- 
crete  (cement  and  sand)  or  concrete  blocks  wfll  crack  with  the  heat.  If 
banco  is  already  used*"  for'construction  in  your  area,  the  same  high-clay 
content  soil  will  work  well  for  the  dryer.    You  may  mix  in  cement  with 
low-clay  soil  to  allow  you  to  bui^d  the  earthen  walls. 
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VfiyeA  ViodzJU  -37- 
Jfte  P-ct  Oil  B<wiU  VfiyeA  ^ 
•READ  THE  INSTRUCTIONS  THROUGH  BEFORE  YOU  BEGIN.  i 

1 

Tools  and  Materials 

.    3  oil  barrels*  220  litres  each 

.    9m^  checken  wire  or  other  screen*  or  a  combination  of 
>     screen  and  woven  mats ^  , 

.    Iron  OK  steeV  "re-rod"  (reinforcing  armature)  for  lintels. 
Gmm  diameter*  6m  long  /  ' 

.    Materials  for  concrete:  25kg  cement 

1/2  barrel  sand 
1/4  barrel  gravel 

,  Heavy  w1re»  about  2m 
.    Thin  wire»  about  15m 

/  10  logs,  8-lOcm  diameter,  2»  15m  long  ^  / 

.    2  strips  of  small  jnesh  screen,  each  about  180cm  / 
long,  and  a  few  cm  wide. 

.   Digging  tools 


1 .  Select  a  site. 

.    Find  a  place  for  the  dryer  which  Is  high  and  well-dralried. 
If  you  dig  too  near  a  tree,  roots  will  get  In  your  way. 
If  you  are  in  a  swampy  or  drainage  areat  water  will  get 
into  the  dryer  and  wear  away  the  walls. 

2.  Make  2  lintels.  /  ^  '  ' 

.    The  lintels  are  concrete  horizontal  slabs  which  will  support 
the  weight  of  the  walls  over  the  barrels. 

.    Make  two  forms  out  of  boards  or  bricks.    Line  them  with  paper. 
The  forms  should  each  make  a  finished  lintel  which  /heasures 
120cm  X  30cm  x  8cm. 

,    Cut  the  re-rod  into  6  equal  pieces  e^ch  measuring  Im-long. 

.    Mix  concrete  in  this  proportion:    1  part  cement 

2  parts  sand 

3  p^rts  gravel . 

Mix  sand  and  cement  thoroughly  first*  then  mix  in  gravel.  Then 
add  just  enough  water  to  make  the  concrete  thirk  and  smootht 
but  not  watery.  ,    -      ■  *  < 
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The       O4Z  Zcjuitt  V^yeA 


:Pour  concrete  Into  the  forms  up  to  a  level  of  4ctn  and  tamp 
firmly. 

Lay  3  pieces  of  Im  re-rod  on  top  of  the  4cm  of  concrete  irj 
each  form.  'Space  them  evenly*  with  the  outside  pieces  about 
3cm  from  the  edge. 

1 

Finish  pouring  concrete  into  the  forms.  Tamp  firmly  and  level 
off  the  top  surfaces. 

Cover  them  and  keep  them  out  Of  the  sun  or  cover  with  grfliss. 
Keep  them  damp  for  about  7  days  by  sprinklin^j  three  times 
a  day.   This  slow  drying  cures  the  concrete      its  greatest 
strength - 


Stake  out  the  drying  chamber  and  stoking  pit. 

r 

Stake  out  the  drying  chamber,  as  shown,  on  the  site  you  have  chosen 
;  It  win  be  2,80in  x  3m. 

.   Make  sure  the  dryer-chimney  Is  staken  out  downwind  of  the 
prevailing  wind  during  the  season  when  the  dryer  will  be  used 
most.   This  Is  Important  —  it  keeps  the  smoke  from  blowing 
back  Into  the  drying  grain. 


\ 


Stake  out  the  stoking  pit  against  thei  upwind  2,80in  side  of  the 
drying  are^..    Make  the  stoking  pit  2m  Xj2,1m.   One  of  the  2.1m 
sides  should  be  right  next  to  the  upwina  2,8m  side  of  the  drying 
chamber  ared. 
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Tkt  fix.  Oil  BaJUiil  Viyzfi 
Dig  top  soil  out  of  the  staked  areas. 


Dig  the  staked  out  areas  to  a  depth  where  you  come  to  hard-packed 
earth  that  will  make  a  good  foundation.   We  will  use  30cin  in  this 
plant.    Pile  all  top  soil  to  one  side  so  it  will  not  get  mixed 
with  the  banco  when  it  is-  later  wetted  and  Osed  to  construct  the 
walls.  .  _  _ 


Dig  a  trench  in  the  center  of  the  staked^out  area. 

.    Dig  a  trench  centered'  iri  the  middle  oV  the  drying  area  70cm  wide 
and  143cm  deep  —  from  ground  level.    It  should  extend  4»80m 
from  the  chimney  end  of  the  drying  area.   This  will  leaye  2Pcm 
un-dug  at  the  opposite  end  for  a  retaining  wall  for  theii.toking 
pit. 

.    Keep  .the  dirt  you  remove  separate  from  the  top  soil  you  remov^ 
before. 


:9. 
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The.  PU  OU.  SoAAol  P^ycA 


LBVBt  ^ 


140CKA 


Make  cut-outs  for  the  1intels> 

.    Mark  points  at  2,70m  and  3m  from  the  chimney  end  on  both  sides 
of  the  trench. 

.    Remove  the  soil  between  these  marks,  and  extending  from  the  edge 

of  the  trench  to  a  distance  30cm  back.    Dig  it  down  40cm.  This 

will  place  the  bottom  surface  70cm  up  from  the  trench  floor. 

■* 

.    Make  two  more  slots  up  against  the  chimney  end.    They  should 
be  30cm  wide,  30cm  long  and  dug  down  35cTr,  or  until  the  bottom 
of  the  slot  is  75cm  up  from  the  trench  floor. 


VitjeA  UoddU  -41- 


Thz  ?iX  OXt  ^oAAtt  Vfiitin. 

Hake  cut-outs  for  the  chimney. 

The  chTmney  hole  should  be  dug  into  the  soil  at  the  back  wall 
of  the  drying  area.    Centered  at  the  end  of  the  drying  area, 
dig  out  an  area  30cm  wide,  which  extends  b^k  30cm  beyond  the 
drying  area  to  a  depth  of  30cm  beiow  the  ground  level. 

.    Also  centered  at  this  end  of  the  drying  area,  dig  another  area 
15cm  wide,  which  extends  15cni  back.    This  channel  will  extend 
below  the  hole  just  completed  until  it  is  50cm  from  the  trench 
floor. 


^RDUiat> 
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CUTOUTS  FoTi. 


8.        Place  the  lintels. 

.    Lay  a  5cm  layer  of  banco  in  each  of  the  four  lintel  slots. 
Lower  the  lintels  into  place.    Hi:^e  sure  they  are  level, 
and  square  .with  the  side  walls  of  the  dryer. 


VfiyoA  nodaj>  -42-     j^^^  QoAJizZ  VfiyoA 


9-        Build  the  dryer  walls. 

.    Make  the  front  and  back  walls      over  the  lintels       30cm  thick- 

.    Build  the  side  walls  up  from  the  floor  of  the  original  30cm  deep 
pit  that  you  have  dug  out.    Make  them  45cm  thick  until  they 
reach  a  height  of  90cm  above  the  base  of  the  front  lintel.  At 
this  point  reduce  their  thickness  to  30cm>  leaving  a  I5cm  wide 
ledge  on  the  inside  of  each  side  wall.    This  ledge  will  support 
logs  for  the  drying  floor. 

The  height  you  may  build  the  walls  in  one  day  will  depend  on 
the  quality  and  consistency  of  the  banco, 

,    Before  the  walls  are  too  high>  remove  some  of  the  dirt  between 
each  side  of  the  oil  barrel  trench  and  the  side  walls.  Make 
a  slope  on  each  side  of  about  45''  starting  at  the  inside  edge 
of  the  base  of  each  side  wall  and  extending  down  to  meet  the 
sides  of  the  barrel  trench  about  40cm  above  the  floor  of  the 
trench,  _ 

,    Embed  a  strip  of  chicken  wire>  or  other  wire  mesh  you  have  chosen  to 
use»  into  each  of  the  walls»  10cm  above  the  15cni  ledge  you  have  made. 
Each  of  the  strips  is  20cm  wide  and  is  as  long  as  the  wall  it  is  placed 
in.    lOcni  of  the  wtre  should  stick  out  flat  into  the  drying  area. 
Later  these  strips  will  attach  to  the  drying  floor  screen. 
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The  Pit  Oil  SavLzl  X»iyvi 

Continue  the  front,  back  and  side  walls  until  they  rise  40cin 
above  the  wire  strips.    The  top  of  the  finished  dryer  walls 
will  be  75cin  above  ground  level. 
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Thz  Vlt  OaJL  BMAtt  V^yeA 

Build  3  retaining  wall  around  the  stoking  pit> 

.    The  retaining  wall  protects  against  erosion  and  will  keep 
dirt  and  trash  from  falling  into  the  pit* 

.    Build  the  retaining  wall  up  from  the  floor  of  the  original 
30cm  deep  pit  that  you  have  dug  out.    Build  it  on  three  sides 
of  the  stoking  pit  area.  .  The  fourth  side  is  spanned  by  the 
front  wall  of  the  drying  area. 


Make  it  20cm  thick.    The  front  wall  of 
the  stoking  pit  will  fit  exactly  on 
the  20cm  ledge  you  left  at  the  front 
end  of  the  140cm  deep  trench  that 
extends  down  the  center  of  the  dryer 
and  stoking  pit. 

Build  all  three  sides  50cm  up  from 
their  base.    This  will  bring  them 
20cm  above  ground  level. 


20CM 


i  h- 


20CM 
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Build  Che  chimney. 


REAR 


//// 


Build  the  chimney  walls  out  of 
banco  up  from  the  bottom  of  the 
larger^  top  hole  you  have  dug 
out  at  the  end  of  the  dryer. 
The  inside  faces  of  the  chimney 
walls  should  be  flush  with  the 
sides  of  the  lower,  smaller 
hole  that  is  dug  into  the 
bottom  of  the  top  hole, 

Extend  the  chimney  20cm  higher 
than  the  top  of  the  back  dryer 
wall.    As  you  build  upwards, 
gradually  narrow  the  inside 
passage  of  the  chimi.ey  until 
it  measures  about  10cm  x  10cm 
at  the  top.    This  will  help 
reduce  heat  loss. 


Finish  the  stoking  pit. 

,    Cut  stairs  in  the  dirt  next  to  the  stoking  pit.    Make  four  equal 
steps  each  30cm  high  and  40cm  across. 

.    Leave  a  ledge  30cm  thick  between  the  lowest  step  and  the  front 
dryer  wall>  to  help  brace  the  dryer  wall, 
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.    You  may  excavate  any  dirt  that  is  left  in  the  stoking  pit 

so  that  the  dirt  walls  in  the  front  and  opposite  the  stairs 

are  flush  with  the  inside  surfaces  of  the  retaining  wall  which 
rests  on  them. 
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13.       Assemble  and__p1ace  the  firebox  barrels, 

.    Cut  both  ends  from  two  220  litre  barrels. 

.    Cut  one  end  from  a  third  barrel.    Cut  a  hole  20-30cni  across 
near  the  edge  of  the  other  end  of  this  barrel,    This  will  be 
placed  up  against  the  opening  at  the  bottom  of  the  chimney. 

.    Punch  four  evenly  spaced  holes  around  the  rim  of  each  barrel 
where  it  will  join  another  barrel. 

.    Join  the  three  barrels  together  by  tying  pieces  of  heavy  wire 
through  the  punched  holes, 

.    Locate  the  barrel  assembly  in  the  trench  with  the  small  hole  in 
the  end  of  the  third  barrel  placed  up  against  the  bottom 
opening  of  the  chimney. 

.    Support  the  barrels  on  bricks  about  10cm  above  the  bottom  of 
the  trench.    Incline  them  slightly  upwards  towards  the  chimney 
for  easier  smoke  escape.    This  will  allow  air  to  circulate  all 
around  the  barrels  and  will  also  prevent  rusting. 
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The  ?lt  Oil  BaJUitZ  VKyeA 

.    Seal  the  joints  between  the  barrels  by  placing  a  strip  of 
screening  around  them  and  plastering  with  a  mixture  of  mortar 
(Ipart  cement  to  8  parts  sand), 

.    Close  the  trench  around  the  barrel  assembly  ends  under  the  lintels 
with  banco.    Make  sure  you  seal  completely  around  the  barrel  at 
the  chimney  end  to  prevent  any  smoke  "backflow".    Close  the 
front  end  of  the  barrel  assembly  only  aiMund  the, top  of  the 
barrel  to  let  cool  air  enter  the  drying ^tramber  --  this  cool 
air  is  wanned  and  will  rise  up  through  the  drying  floor  and  ' 
grain. 


AT  THE- 

F1L.U  IN  THE-SE. 
THB  BARREL- 


•LIHTEU 


AT  THE.  KRoMT  _ 
(NEXT  TO  STOKtM 
PIT  >  -  - 


FlUU  »M  OMt:/  THg5g 


Test  the  seals  at  the  joints.    Light  a  smoky  fire  and  see  if 
smoke  escapes  into  the  drying  chamber.  Do  not  let  it  burn  long 
enough  to  dry  the  mortar  on  the  joints.    Keep  the  mortar  damp 
until  it  is  hard. 
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y    ^ .       Thz  Vit  Oil  ^oAKzl  V^yeA 
Assemble  the  drying  floor  supports.  ' 

.    Use  10  logs  of  solid  wood.    The  logs  should  be  8-10cm  in 
diameter  and  2»15m  long. 

-   Space  the  logs  evenly  across  the  drying  chamber  from  one  end, 
to  the  other.    The  log  ends  will  rest  on  the  15cm  ledges  In 
the  side  walls.    Resting  the  logs  on  tfc  ledges  Instead  of  fixing 
'them  in  place  means  they  can  be  replaced  more  easily  if  they  weaken. 


Place  and  fasten  screening  on  top  of  the  log  supports. 

.   Stretch  screening  across  the  logs  and  attach  It  to  the  10cm 
of  wire  mesh  sticking  out  from  each  wall.    Make  the 
screening  longer  than  the  inside  length  of  the  chamber  because 
the  weight  of  grain  will  make  the  screen  sag  between  the  logs. 
Overlap  all  sections  5  or  10cm  and  fasten  together  with  thin 
wire. 

.    Small  mesh  screen  1s  best.   But  chicken  wire  can  be  used. 

Place  straw  mats  over  chicken  wire,  or  other  large-hole  screen, 
to  keep  grain  from  falling  through  the  holes.    Some  kinds  of 
woven  mats  are  very  strong.    These  can  be  used  in  place  of 
screening.    Fasten  woven  mats  to  wire  mesh  strips  embedded 
in  the  walls  the  same  as  you  would  metal  screen. 
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PHILIPPINES  RICE  DRYER 


Fanners  in  the  Philippines  grow  a  lot  of  rice.    Scientists  working  in  the 
Philippines  and  other  countries  have  discovered  new  kinds  of  rice  seed 
which  grow  more  quickly.    This  means  the  crop  is  ready  for  harvest  sooner; ^ 
often  a  fanner  can  plant  and  harvest  two  crops  in  the  time  it  used  to  take- 
for  one  crop. 

However^  becajse  the  growing  time  is  shorter,  the  rice"  is  ready  for  harvest 
during  the  rainy  season.    Before,  the  rice  would  not  beVeady  until  the  rains 
were  finished.    The  fanner  must  harvest,  but  he  cannot  dry  his  grain  out- 
side in  the  sun.    The  problem  he  faces  is  simple,  and  it  is  a  problem  for 
fanners  all  over  the  world  who  must  harvest  during  wet  or  humid  times: 
how  to  get  the  grain  dry  before  it  is  ruined  by  insects  and  molds. 


Scientists  working  at  the  University  of  the  Philippines  and  the  International 
Rice  Research  Institute  in  Manila,  Philippines,  have  come  up  with  answers.. 
They  have  designed  two  versions  of  a  dryer  model  they  feel  is  relatively 
inexpensive,  simple  to  make,  easy  to  operate  and  maintain.    We  call  it- 
here  the  Philippines  Rice  Dryer,    Each  version  of  this  dryer  will  be  discussed 
separately, 

T^erV  are  advantages  and  disadvantages  to  the  use  of  this  dryer  by  small 
ia:wrs.    Advantages  are: 

It  can  be  used  in  the  rainy  season. 

It  uses  less  fuel  than  the  oil  barrel,  dryer  because  the 
fan  forces  air  through  the  grain  and  decreases  drying 
time. 

Disadvantages: 

.    It  requires  construction  using  relatively  sophisticated 
materials,  tools,and  skilled  labor, 

.    It  burns  fuel  which  can  be  costly. 

It  requires  finding  and  paying  for  special  machinery, 

.    It  is  practical  only-for  wealthier  farmers;  or  a  group 
of  fanners. 
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LOS  BANGS  RICE  DRYER* 


• 

The  first  rice  dryer  is  from  the  Grain  Processing  Program  of  the  Department 
of  Agricultural  Engineering  dt  Los  Banos,  Ptulippines,    It  has  three  main 
parts;  a  bin  which  holds  the  grain  (placed^  sheet  metal  with  holes)  over 
a  container  of  hot  air  (plenum);  a  fan  to  force  air  frOfn  the  plenum  through 
the  grain;  ffnc  a  burner  to  heat  ttie  drying  air. 

A  brief  description  of  the  major  parts  a*  the  Philippines  Rice  Dryer: 
Grain  holding  bin 

.    Floor  area  "is  1.8m  x  3.6m. 

2cm  plywood  * 
-    5cm  X  5cm  1  umber . 
^  -    Perforated  sheet  nietal  (sheet  metal  with  holes). 


V^y^  Models  -53- 

Phitipplnu  lUce  VKyeA 

Blower 

.    58cm  fan  adapted  from  truck  radiator  fan. 

.    Pushes  8.5  cubic  meters  per  minute  of  air  against  a  total 
pressure  of  2.5an  water  column. 

.    Size  of  the  blower  1s  chosen  to  fit  the  size  of  the  grain 
bin. 

.    No  stirring  Is  necessary. 

.    Mount  fan  with  flange  bearings,  sheet  metal  housing. 
Reinforce  with  angle  bars. 

Engine 

.    5  hp  gasoline  or  diesel  engine. 
.    V-belt  and  pulley. 

.    A  power  tiller  which  has  an  8  hp  engine  can  be  used. 

Burner 

.    43^0  recommended  temperature  so  as  not  to  damage  milling 
quality. 

.    Developed  direct  flame  kerosene  burner.    Consists  of  3-part 
Iron  casing,  needle  valve  between  burner  and  housing,  and 
a  double  shell  sheet  metal  housing.    Uses  1.5  litres  of  fuel 
each  hour. 

Other  Items 

.    V-tube  manometer  to  read  a1r  pressure  at  plenum  and  to 
set  engine  throttle. 

.    Dial  thermometer  to  show  drying  air  temperature. 
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Notes  on  Operation  of  the  Dryer 

•    It  takes  2  rnen  an  hour  to  assemble  the  dryer*    This  is  the  final 
putting  together  of  the  pieces*    This  is  the  time  it  takes  if 
the  grain  bin  is  already  made  and  all  the  parts  are  ready  to 
assemble. 

,    The  dryer  must  be  used  under  a  shed  to  protect  it  and  the  grain 
from  rain, 

.    The  bin  holds  about  1700kg, 

.    The  manometer  is  a  guide  to  engine  speed:    a  2*5cm  displace- 
ment of  the  water  column  shows  the  engine  setting  is  correct* 

.    The  temperature  of  the  air  for  drying  is  adjusted  by  con- 
trolling the  flame  through  the  needle  valve  and  by  adjusting 
the  distance  between  the  burner  housing  and  the  fan  intake. 

,    Drying  continues  until  the  top  layer  of  grain  is  at  14% 
moisture,    (It  will  take  about  8  hours  of  steady  drying  to 
bring  moisture  down  from  26%  to  14  or  13%.) 


For  detailed  technical  bulletins  describing  construction  and  use  of  the 
Philippines  Rice  Dryer  contact: 

The  Project  Director 

Training  of  Technicians  for  Grain  Industries 
Department  of  Agricultural  Engineering 
University  of  the  Philippines  at  Los  Banos 
Lagundf  Philippines 
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IRRI  BATCH  DRYER 


The  IRRI  Batch  Dryer  Is  different  from  the  early  University  of  the  Phili- 
ppines model  In  2  important  ways* 

1.  It  can  use  a  se1f*feeding  r1ce  hull  burner  Instead  of  gas 
or  k#*rosene.    This  burner  uses  3-4kgs  of  rice  hulls  per  hour 
or  25kg  per  ton  of  rice  dried.    One  ton  of  rice  contains  200kg 
of  rice  hu11s»  so  there  are  plenty  of  hulls  to  feed  the  burner. 
In  other  words,  one  ton  of  paddy  produces  enough  hulls  to  dry 
that  same  ton  of  rice  kernels. 

2.  The  fan  used  Is  a  47cm  diameter  vane-axial  type  rather  than 
varying  sizes  and  models  of  truck  radiator  plans.    The  use  of 

a  standard  fan  allows  the  operator  to  fix  standard  drying  times. 
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Other  nor.es  on  the  IRRI  Batch  Dryer 

.  Drying  capacity  Is  1  metric  ton.  It  can  dry  this  amount  of 
paddy  rice  in  4-6  hours  depending  upon  the  Initial  moisture 
content  of  the  grain. 

-  The  Oil  burner  uses  a  3  hp  gasoline  engine  (a  2  hp  electric 
motor  can  be  added  to  drive  the  blower).  A  kerosene  burner 
is  installed  in  the  air  duct. 

.    The  rice  hull  furnace  has  a  steel  frame  and  Is  lined  with 
fire  bricks.    It  consists  of  a  combustion  chamber  and  an 
ash  trap. 

.    Either  heating  arrangement  can  raise  the  drying  air  tempera- 
ture from  29  to  43^C  at  an  air  flow  rate  of  30-35  cubic  meters 
of  air/min/m*^  of  grain, 

.    Fuel  consumption  for  the  oil  burner  Is  0.75  litres  per  hour 
for  the  gasoline  engine  and  2.0  litres  per  hour  for  the 
kerosene  burner. 

.    The  rice  hull  furnace  burns  3  to  4kg  per  hour  of  rice  hulls. 


This  dryer^  like  the  Los  Banos  Dryer,  may  be  hard  to  put  together:  In 
some  areas  the  materials  may  be  expensive;  in  other  places  the  equipment 
is  hard  to  find.    These  facts  make  it  hard  for  many  small  fanqgrs  to  use 
such  a  dryer,    A  group  of  fanners,  however,  would  be  more  likely  to  be 
able  to  use  such  a  dryer  cooperatively  and  profitably.    And  the  dryer  can 
be  manufactured  locally. 

For  more  information  and  detailed   engineering  drawings,  contact: 

Agricultural  Engineering  Department 
The  International  Rice  Research  Institute 
P.  0,  Box  933 
Manila*  Philippines 
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SOLAR  DRYERS 


PART  ONE:  CONSTRUCTION 


INTRODUCTION 


The  following  plans  are  based  upon  a  construction  manual  written  by  Oames 
McDowell  as  a  result  of  his  experiences  at  the  Caribbean  Food  and  Nutri- 
tion Institute  in  Trinidad.    VITA  technical  artist  George  C-  Clark  has 
provided  added  illustrations*  as  well  as  a  simplification  of  the  building 
procedure  of  the  Model  #1  dryer. 

McDowell's  plans  in  turn  were  enveloped  from  the  ideas  and  principles 
of  Dr.  J-  Lawand  and  associates  of  the  Brace  Research  Institute*  McGill 
University*  Quebec,  Canada.    Now  with  UNICEF  in  Kenya,  McDowell  has  used 
the  dryer  to  dry  grain  from  25%  to  under  M%  moisture  in  one  day  or  less. 


Solar  Dryers  have  several  possible  advantages 


Sun  drying  time  is  reduced  because  the  heat  of  the  sun  is 
made  stronger  by  covering  the  drying  grain  with  a  double 
layer  of  clear  plastic  film. 

They  can  be  used  to  dry  other  crops      copra,  cassava, 
fruits,  vegetables. 


There  can  be  disadvantages  also 

,    Temperatures  in  the  dryer  may  build  up  to  e^-SO'^C.  This 
means  that  grains  such  as  rice,  which  crack  at  tempera- 
tures above  SO^'C,  or  seed  grains  (which  can  be  dried  at 
temperatures  no  higher  than  40-45^C)  can  be  damaged.  A 
farmer  has  to  watch  the  grain  carefully,  and,  if  no 
thermometer  is  available,  will  have  to  learn  by  trial 
and  error, 

,    Dryers  are  most  useful  only  at  certain  hours  of  the  day 
and  would  be  of  limited  use  during  long  periods  of 
rainfall  or  very  cloudy  weather. 


There  are  no  fuel  costs. 


NOTES  ON  THE  SOLAR  DRYER  MODELS 


The  dryer  models  here  were  designed  and  tested  for  drying  cereal  grains,  \ 
root  crops,  fruits,  and  vegetables.    The  dryer  holds  8  to  11  kg  for  each 
square  meter  of  drying  floor.    Dryers  of  the  size  presented  here  will  dry 
18-24kg  each  day.    If  a  farmer  wants  to  dry  more  grain,  he  will  have  to 
make  a  larger  dryer  or  build  several  dryers.' 

Instructions  and  sketches  for  three  versions  of  a  Solar  dryer  are  given 
in  the  following  pages.    These  dryers  can  be  made  from  whatever  materials 
are  most  available  locally.    The  dimensions  given  here  are  for  general 
guidance.    You  can.  change  the  length,  width  or  depth  of  these  dryers 
without  affecting  their  efficiency. 

The  sketches  for  Models  1  and  2  are  based  on  a  useful*  Practical  working 
size  of  2m  in  length,  Im  in  width,  and  23-30cm  overall  depth.    But  Cndnges 
1n  area  can  be  made  to  suit  local  conditions,  and  dimensions  of  materials 
available,    IMPORTANT:  The  only  dimension  which  should  be  followed  as 
closely  as  possible  is  the  thickness  of  insulation  on  the  Model  1  box-type 
dryer.    Where  wood  shavings^  wood  wool,  dried  grass,  leaves,  or  similar 
material  dre  being  used,  a  minimum  thickness  of  5cm  should  be  used.  Also, 
the  internal  depth  of  Models  1  and  2  should  not  be  Jess  than  15cm. 
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MODEL  #  1  SOLAR  DRYER 


Description 

This  model  consists  of  an  outer  box  and  an  inner  box.    The  inner  box  - 
is  at  least  10cm  less  in  length  and  width,  and  at  least  5cm  less  in  depth 
than  the  outer  box.    The  space  between  the  boxes  is  packed  with  suitable 
insulating  material. 

Lower  air  holes  are  drilled  through  the  bottom  of  the  boxes  (and  through 
spacer  boards  fitted  in  the  insulation  space  for  this  purpose).  Slots 
are  cut  in  the  upper  edges  of  the  sides  of  the  box  to  provide  upper  air 
outlets*    The  dryer  1s  supported  about  15cm  abov3  the  ground  on  four  legs 
(which  also  form  the  main  corner  members  for  the  box) 


1).6 


P^i/e/l  HodcJU  -60- 


READ  THE  INSTRUCTIONS  THROUGH  BEFORE  YOU  BEGIN 


Tools  and  Materials 

.    Hamner^  screwdriver^  tri-square>  saw>  brace,  and  2.5cin 
wood  drill »  2cni  wood  chisel. 

.    Wooden  planking  or  plywood  for  s1des»  ends»  and  bottom 
of  boxes.    Use  wood  from  old  packing  cases  if  it  is 
avf^i'iable. 

.    Lengths  of  timber: 

4  pieces  5  x  10cm  for  legs 
4  pieces  5  x  5  cm  for  legs 

13  pieces  5  x  5  cm  for  the  side»  end»and  bottom 

spacer  strips. 

Insulating  material:   wood  wool »  dried  grass  or  leaves » 

coir  fibre>  etc. 

.    Nails  and  screwnails  of  appropriate  size. 

.    Matt-blacSc  paint  or  other  suitable  black  staining 
material^  e.g.»  charcoal 


Build  the  Inner  Box 

.    Check  all  measurements  and  markings  on  the  wood  before  cutting. 

.    Cut  side  and  end  pieces.    These  can  be  one  piece  of  wood»  or 
you  can  join  narrower  planks  together  to  make  a  box  about  the 
right  size. 

.    Put  the  pieces  together.    Make  sure  the  nails  are  completely 
hamnered  into  the  wood. 
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Cut  and  nail  the  lerj  pieces  to  the  corners  as  shown. 
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^.^4A\U  SPACER  STRIPS 
OKJ  SIDES  AND  l&NDS 
AS   SHOWM  . 


US 


SotaA  Vn.yeJi6 


a.  PUT  BOTTOM  BOAPq/ 
BOARDS  IN  Pl-AOB 
AWD  NAll-  A.ROUMD 


ERIC 
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WHEMTWO  OR  MOa&-  B^OCsPDS  MUST   BE.  USED  TO  MAKE. 
UP  A  ftiOe.  C5R  esOTTOKA.THEE.   TWO   OOVMlM<2i  EDCa^EA 
SHOOUD  BE  COATT&O  WITV4  <3UM^  PITCH, PUTTY,  ROOP 
CE-MEUr  OR  CAI-JL.K1NIC    COMPOOWD  B&PORE.  THE.X  ARE 
MAVUEO.  &M£AKINC:  "         UNDER  SVDE.  OF  THa  BATTEW 
WITH  THE.  SAMa   TVr:-  ":.         MATERtAU  BE-FORE.  MAiUVMQ 
IT  OVER  TME  CRACV;  ^^^.TWEEW  THE  BOARDS  WILL  HELP 
TO  K.EEP  THE  BOARDS  WEATHER-TJGHT. 


VfiyeA  Moditi  -65- 


1.  STAND  BOX  ON  SIDE. 

2.  PACK  INSULATION  0^4 
S>IDE.  AND  t^Alt- BOARD  - 
AL-OMG  BOTTOM  AMD 
6.NDS.  TOP  E.DGE.  TO, 
BE  NAiL-EJD  AFTE.R1TIS 
NOTCHED. 


a  REPEAT  FOl 


MATERIAL 


\ 
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SoloA.  VfiyeAZ 


INdULATIKG 
MATERIAL 


ERIC 


(D 

1.  STAND  BOX  ON  ENO. 

2.  PACK  INSULAnOMON 
E.MD  AMD  NAIU  BOARD 
IN  PL.ACE, 

3.  REPEAT  FOR  OTHER 
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SoloA.  Vxye/u 


SPACER 


OUTSIDE 
BOfTTOM 


I.  5E.T  BOX  UPSIDE.  DOWM 
AND  DRIU-  HOL.es  THRU 
BCXTTOM  OF  BOX.  MAKE 
SURE  HOLE.S  AUE  DRILLED 
THRU  sm.CER  STRIPS  (see 
DETAIL-  AT  LEFT)  . 


a.WHEM  ALU  HOLES  ARE  ^ 
DRILLED,  NAiL  THRU 
BOTTOM  INTO  SPACER. 
MAIU  AT  LEAST  BETWEEN 
EVERY  OTHE.R  HOL.E.. 


IMSIDE  BOTTOM 
IMSULATlNG  MATEKIA^L 
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Mftkt  tht  alf  outlet  slots. 

•  Mark  the  position  of  the  air  outlet  slots  on  the 
upper  sides, 

-  Cut  out  the  slots  In  any  of  the  three  ways 
pictured. 


Paint  or  stain  the  Inside  of  the  box  with  a  dark  color. 
A  flat  black  Is  good.   It  Is  a  good  Idea  to  put  a  wood 
preservative  on  the  outside  If  you  have  It.  Then  paint 
the  outside  with  gloss  paint  or  marine  varnish  —  If 
you  can  find  them. 
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CONSTRUCT  THE  COVER  (FOR  MOOEL  1  and  2  ORYERS) 

The  same  cover  is  used  for  both  dryers.  It  consists  of  a  rectangular 
wooden  frame  with  a  central  ridge  piece.  It  is  covered  with  a  double 
layer  of  polyethylene  film 


Tools  and  Materials 

.    Saw  (preferably  tenon  saw),    screw-driver,  sharp  knife  or 
scissors,  tri  square,  narking  gauge. 

.    Lengths  of  timber:  about  5cm  x  2cm. 

.    Transparent  plastic  (polyethylene)  film  (preferably  .127mm 
or  heavier). 

.    Screwnails  (1.6cm  x  8s  C.S.). 

.    Blued  tacks  (1cm)  or  large  office  stapler. 
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READ  THE  INSTRUCTIONS  THROUGH  BEFORE  YOU  BEGIN 

Make  the  frame  so  that  Its  length  and  width  are  each.  8cm  greater  thah 
thfe  box  to  be  covered.  The  cover  will  overlap  the  dryer  box  by  about 
4cm  in  each  direction. 

1 ,    Make  the  Frame 

.    Cut  the  pieces  for  the  frame  to  the  right  lengths. 

.    Put  them  together  as  shown. 


Dry  the  frame  in  the  hot  sun  before  putting  on  the  plastic. 


2,    Put  the  Lower  Plastic  Sheet  on  the  Frame 

Put  the  cover  on  while  the  wood  1s  still  warm  and  at  a 
time  when  hum;idity  is  low.    These  precautions  are  nec- 
essary to  prevent  condensation  (fogging)  between  the 
layers  of  polyethylene. 

.    Cut  a  piece  of  plastic  sheet  for  covering  the  lower 
side  of  the  frame  so  that  it  is  8cm  wider  and  8cm 
longer  than  the  frame. 

.    Turn  the  frame  upside  down  and  lay 
the  plastic  sheet  in  place.  Fold 
one  side  of  the  polyethylene  back 
on  itself  to  form  a  triple  layer 
seam  2cm  wide. 


ERLC 
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.    Start  at  the  middle  of  the  frame  and  work  toward  both  ends. 
Stretch  the  plastic  lightly  but  firmly  lengt^twise.  Tack 
or  staple  through  the  seam  at  8cm  intervals  to  fasten 
this  edge  of  the  polyethylene  to  the  frasie.    00  NOT  OVER- 
STRETCH THE  PLASTIC.    POLYETHYLENE  WILL  "GIVE"  AND  DISTORT 
IF  Ft^46gRTIP$  ARE  bu6  INTO  It.   SUCH  DISTORTED  AR£AS  ARfe 
LIKELY  TO  BREAK  THROUGH  DURING  USE.    IT  IS  BETTER  THAT 
l>OLVETHVLEN£  SHOULD  BE  ^blSHTLV  LOOSE  RATMEft  THAN  OVEiT- 
STRETCREtr 


.    Repeat  this  process  at  the  other  side  of  the  frame. 
Stretch  the  polyethylene  across  the  frame  while  tacking 
or  stapling. 

.    Fold  similar  seams  at  each  end.    Tack  the  ends  of  the 
sheet  to  the  frame.    Tuck  the  plastic  neatly  at  each 
corner.    Fasten  firmly  in  place. 


Put  the  Upper  Plastic  Sheet  on  the  Frame 

Cut  a  piece  of  polyethylene  sheet  for  covering  the  upper 
side.    This  sheet,  when  placed  over  the  frame,  should  be 
lOcm  wider  and  10cm  longer  than  the  frame.    Turn  the 
frame  upside  down  and,  making  a  triple  fold  seam  as 
before,  tack  or  staple  one  edge  to  one  side  of  the  frame 
so  that  the  seam  overlaps  the  triple  seam  of  the  lower 
sheet. 


Stretch  the  polyethylene  over  the  ridge  and  around  to  the 
lower  edge  of  the  other  side  member.    Make  a  folded  seam 
and  tack  or  staple  in  place  as  before. 

Stretch  the  polyethylene  over  one  end  of  the  frame,  fold 
and  tack  as  before,  cutting  away  any  extra  material  re- 
sulting from  the  slope  from  ridge  to  side  member.  Tuck 
the  corners  of  the  sheet  in  neatly,  and  tack  firmly  in 
place.    Repeat  for  the  other  end' of  the  frame. 
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4.    Attach  the  Covers  to  the  Dryers 

.   The  covers  do  not  weigh  much  and  are  likely  to  blow  off  the 
dryers  even  In  a  light  wind.    The  cover  can  be  kept  on  by 
fastening  hooks  of  stiff  wire  to  each  comer  of  the  cover 
and  swinging  these  hooks  Into  place  around  nails  or  pegs 
fixed  In  the  sides  of  the  dryer. 

.    Ort  fasten  lengths  of  strong  twine  or  cord  to  one  side  of 
the  dryert  draw  them  tightly  across  the  covert  and  tie 
them  to  nails  or  pegs  on  the  other  side. 
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CONSTRUCT  THE  DRYING  TRAYS 


This  Is  a  simple  wooden  frame  with  fine  wire  mesh  stapled  to  Its  under* 
side.   Two  support  runners  are  nailed  to  the  underside  (over  the  edge 
of  the  wire  mesh).    If  necessary,  two  small  pieces  of  wood  may  be  tacked 
over  the  edges  of  the  wire  mesh  to  hold  It  In  place  at  the  ends.  However, 
folding  the  edges  of  the  mesh  over  upon  Itself  before  stapling  mav  be 
all  that  Is  needed. 

Make  two  trays,  each  slightly  smaller  than  Im  x  Im  so  that  It  will  fit 
the  dryer  box  well.    It  Is  a  good  Idea  to  make  two  trays  because  they 
are  easier  to  handle  than  one  large  tray.    Also,  using  two  trays  means 
that  grains  at  two  different  moisture  levels  can  be  dried  at  the  same 
time. 

Simpler  trays  may  be  made  from  local  materials.    Papyrus  reed  matting, 
or  a  frame  with  slats  of  reed  or  split  bsmboo,  for  example,  make  an 
excellent  support  on  which  material  can  be  dried.   Coarse  hesslan 
sacking  material,  or  open  weave  grass,  cr  fibre  matting  stretched  on 
a  frame  also  can  be  used. 
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MODEL  #2    SOLAR  DRYER 


Description 

This  dryer  also  is  for  a  2iti  x  Im  dryer.    But  it  is  not  portable  like  the 
Model  #1  Solar  Dryer.    It  is  built  on  a  permanent  location  and  is  made 
with  clay  bricks,  or  similar  material.    Bricks  composed  of  local  e:rth 
and  cement  and  compressed  by  a  CINVA-RAM  work  very  well.    If  hollow 
bricks  are  used»  the  hollows  should  be  packed  with  dried  grass»  coir 
fibre»  or  other  insulating  material. 


Choose  a  Site 

A  good  place  for  th$  Sqlar^^Dryer  will  be 

.    high  ground  which  Is  flat  and  level.   Make  sure  the  location 
is  well  drained. 

.    out  In  the  open      not  shaded  by  trees  or  buildings. 

.    exposed  to  the  prevailing  wind.    The  end  of  the  dryer 
should  be  facing  the  prvalUng  wind. 


4 
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Tools  and  Materials  , 

.    Urge  knife,  axe, or  machete 
Coping  Saw  or  wood  rasp 
2cm  chisel 

.    Clay  bricks  or  bricks  made  from  similar  material 
Mortar  or  clay  for  laying  bricks 
Thick  bamboo  (6  to  7.5cm  diameter) 

READ  THE  INSTRUCTIONS  THROUGH  BEFORE  YOU  BEGIN 

I .    Prepare  Site 

Lay  out  dryer  size  by  building  up  the  corner  blocks. 


UAVOLTT  THE.  &IZ.E,  OP  THE  DRYER  OK  TUE  GROUND 
AKO  UAV  UP  THE.  CORME-R  feUDCKS  AS 
FtUU  IM  &E.T\NEeM  THE.  CORNERS  TO  OOMPUETB. 
THE.  WA-l-US . 
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.    Prepare  a  floor  of  hard-packed  earth  or  concrete  mortar, 

*    Dig  a  drainage  trench  around  the  dryer  to  protect  it  frofr 
heavy  rain.    The  trench  should  be  23'^30cm  wide  and  23-^30cm 
deep. 


2.    Prepare^Bamboo  Pipes 

.    Choose  bamboo  of  even  thickness' with  as  few  joints  as 
possible* 

.  Cut  bamboo  to  the  same  length  as  the  width  of  the  dryer. 
.    Then  prepare  the  pipes  as  follows: 


P^{/e/t  HodeJU  '60- 


SoloA  VKyeA4 

Cut  holes,  about  4cm  In  diameter*  In  each  pipe, 
can  be  made  by  using  one  of  these  methods: 


Holes 


COPING  SAsW 


V  SMAPfeO  NOTCH 
MA.Y  fcEClTT  WITH 


HALF-ROUND 
WOOD  RASP 
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Finish  the  Walls 

.    Place  the  bamboo  pipes  in  position  in  the  second  layer. 
Cut  the  blocks  short  as  necessary  to  fit  in  the  bamboo 
pipes. 


.    Put  down  the  third  layer  of  bricks. 

.    Pack  the  holes  around  the  bamboo  with  mortar  or  clay. 

.    Put  down  the  top  layer  of  bricks  and  cut  mt  the  air 
outlet  slots  0^*  lay  the  top  layer  of  bricks  leaving 
one  inch  gaps  as  air-outlet  holes  spaced  along  the 
two  sides. 
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SoZnK  VKtf^ 

4.  Paint  the  Inside 

.    Paint  the  inside  of  the  dryer  a  dark  color.  Charcoal* 
itilxed  with  c1ay;may  be  a  good  way  of  doing  this, 

5,  Construct  Cover  and  Drying  Trays  as  for  Model  #1 


i 

I 

I 
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MODIFICATION  OF  MODEL  #2  SOLAR  DRYER 


A  Dual-Purpose  Solar/Fuel-Heated  Dryer 

It  Is  possible  to  build  solar  dryers  which  can  work  on  solar  heat  for  most 
of  the  time»  but  which  can»  if  necessary^  be  artifically  heated  during 
periods  of  heaVy  clouding  or  rain- 

A  modification  of  the  Model  2  dryer  will  allow  for  this  dual-purpose 
operation.    This  modification  consists  of  building^in  a  metal  flue  pipe 
which  runs  through  the  length  of  the  dryer.    This,  pipe  carries  the  heat 
from  a  firebox  built  at  one  end  of  the  dryer.    When  drying  has  to  be  done 
in  cloudy  conditions,  the  fire  can  be  lit  to  provide  heat  for  drying. 


Either  one  large,  say,  11cm  diameter  Pipe,  or  a  number  of  smaller  pipes  :an 
be  used.    hThen  using  smaller  pipes,  difficulties  in  constructing  a  manifold 
may  arls^.    But  it  may  be  possible  to  adapt  an  exhaust  manifold  from  an 
old  gasoline  or  diesel  engine  for  this  purpose. 

THE  ONLY  BASIC  MODIFICATION  NEEDED  IN  CONSTRUCTING  THIS  DRYER  IS  THAT  THE 
WALLS  MUST  BE  BUILT  HIGH  ENOUGH  TO  ALLOW  THE  FLUE  PIPE  TO  PASS  UNDER  THE 
AIR-INLET  PIPES. 
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An  increase  of  7.6cm  (or  one  brick)  in  height,  should  be  sufficient. 
The  firebox  may  be  built  in  clay   or  brick,  or  a  section  cut  from  an  old 
oil  drum  may  be  used  for  the  purpose. 

The  base  of  the  firebox  must  be  at  a  lower  level  than  the  dryer. 

-    Make  sure  that  this  area  is  protected  from  any  flooding  which  ^ 
may  occur  during  heavy  rains • 

The  flue  tube  running  through  the  dryer  should  slope  upwards  towards  the 
chimney  to  assist  draught. 


Whet;  using  artificial  heat,  the  movement  of  air  through  the  dryer  by 
convection  will  operate  as  it  does  when  solar  heat  is  being  used.  However, 
depending  upon  the  heat  given  by  the  fuel  being  used,  it  may  be  necessary 
to  close-off  more  of  the  upper  ventilation  ports, 

CAUTION: 

Make  sure  that  the  part  of  the  flue  pipe  passing  through  the 
dryer  is  smoke-proof*    Lf  it  is  not  smoke-proof,  smoke  will 
flavor  the  foods  being  dried.    A  damper  should  also  be  placed 
in  the  chimney*    This  damper  must  be  kept  closed  when  sun-drying 
is  being  carried  out,  or  the  flue  pipe  may  exert  a  cooling  effect* 

-    Make  Sure  to  site  this  modification  so  that  the  firebox  end 

faces  into  the  prevailing  wind.    This  will  assist  draught  through 
the  flue,  and  will  also  ensure  that  any  sparks  from  the  chimney 
are  carried  away  from  the  polyethylene  cover. 
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MOOEL  #3     SOLAR  ORYER 


Description 

This  is  a  simple  dryer*    It  is  not  as  efficient  as  the  otiier  two  in 
conditions  where  it  is  exposed  to  cooling  winds*  but  it  will  provide 
more  efficient  drying  than  direct  exposure  to  the  sun«  and  will  also 
protect  the  drying  material  from  rain*    It  is  essentially  a  **sandwich" 
of  two  sheets  of  corrugated  galvanized  iron  roofing  material  placed  so 
that  they  form  a  series  of  tubes*    The  lower  sheet  is  bedded  in  insu- 
lating material  to  reduce  loss  of  heat*    It  is  set  in  a  sloping  position 
with  one  end  raised  about  15cm  higher  than  the  other*    This  position 
allows  hot  air  to  rise  and  escape  at  the  upper  end*  creating  a  draught  of 
air  over  the  material  being  dried*    The  material  which  is  being  dried  is 
placed  in  the  hollows  of  the  lower  sheet* 

There  are  a  number  of  possible  ways  of  siting  and  constructing  this  dryer* 
It  can  be  permanently  sited  or  made  portable*    Certain  refinements  can  be 
added  to  increase  its  efficiency.    For  this  reason  the  construction  of  a 
simple  portable  model  will  be  described  first;  possible  modifications  will 
be  described  later. 


The  Portable  Oryer 

In  thi$  model,  the  corrugated  sheets  are  fastened  to  a  shallow  wooden  box 
which  contains  a  bed  of  insulating  material.    The  box  will  be  about  10cm 
high  and  80cm  wide.    The  dimensions  of  the  box  will  depend  on  the  final 
size  of  the  prepared  corrugated  sheets,  so  the  sheets  are  prepared  first* 

Tools  and  Materials 

.    Hamner.  saw,  tri-square.  wood  chisel,  pliers 

.    2  sheets  corrugated  galvanized  iron 

•  Timber  for  bottom  and  sides  of  box  \ 

•  Nails  or  coat-hanger  wire 
.    Black  paint 


1*    Prepare  the  Sheets 


When  purchased,  the  sheets  will  be  packed  closely  together* 
Turn  the  upper  sheet  ISO""  so  that  the  sheets  are  on  top 
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SoloK  P^yeA^ 

of  each  other.  The  upper  sheet  will  tend  to  slip  side-' 
ways  and  will  not  remain  evenly  positioned. 

Mark  a  line,  along  the  edges  of 
each  sheet  about  1cm  from  the 
edge.    Using  pliers»  and  moving 
gradually  along  the  sheet,  bend 
the  edges  down  to  form  flanges 
which  are  level  with  the  plane 
of  the  sheet.    Once  the  edges 
have  been  bent  into  position^ 
lay  each  flange  along  the  edge 
of  a  piece  of  wood  and  beat  with 
a  hammer  until  it  is  flat  and 
smooth.    The  sheets  will  now 
lie  properly  together  in  the 
correct  position. 


2 .    Hinge  the  Sheets 

.    The  sheets  must  be  held  together  so  they  can  be  easily  posi- 
tioned during  future  use.    This  is  done  using  wire  rings. 

Wind  a  piece  of  suitable  wire  spirally  around  a  1cm  diameter 
former  {e.g.,  the  handle  of  a  wooden  spoon)  to  form  6  loops. 
Remove  from  the  former  and  pull  the  ends  of  the  wire  so  that 
it  forms  a  loose  spiral.    Cut  this  spiral  with  the  pliers 
so  as  to  form  a  number  of  rings  with  overlapping  ends. 


Punch  five  holes  through  the  flanges  at  one  edge  of  each 
sheet,  using  a  nail  and  a  hammer.    These  holes  should  be 
positioned  as  follows:    one  hole  about  7.5cm  from  each  end 
of  the  flange,  one  hole  in  the  centre  of  the  flange,  and 
two  holes  midway  between  these  holes. 


* 


Pass  the  wire  rings  through  these  holes  and  close  the 
rings  by  pressing  tt^e  ends  together.   This  effectively 
hinges  the  sheets  togetw  and  allows  accurate  position^ 
Ing. 


Prepare  the  Dryer  Box 

.  The  shallow  support  and  Insulating  box  can  now  t?e  constructed 
to  fit  the  dimensions  of  the  lower  sheet  of  corrugated  Iron: 
cut  slots  In  the  upper  edges  of  the  one  side  of  this  box 
to  provide  space  for  the  hinge  rings. 


.    Pack  the  box  with  Insulating  material,  e.g.,  wood  wool,  dried 
grass  or  leaves,  or  other  similar  material. 

.    Place  the  corrugated  sheets  in  position  and  fasten  the  lower 
sheet  to  the  frame  by  nailing  through  the  flanges  along  each 
edge  and  through  the  points  where  the  sheet  contacts  the  ends 
of  the  box  and  the  central  support  batten. 

Close  the  openings  at  each  end  between  the  corrugations  of 
the  sheet  and  the  wooden  frame  by  filling  with  cement,  pi  ^* 
or  clay- 
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4,    Paint  the  Dryer 

Paint  the  upper  surface  of  the  top  sheet  with  a  f1dt»  black 
paint.    Using  a  suitable  primer  to  be  sure  of  sticking  to 
the  metal. 

Treat  the  wood  of  the  box  with  preservative,  or  paint  with 
gloss  paint  If  available. 


USING  THE  PORTABLE  DRYER 


Site  with  the  length  of  the  dryer  In  a  north-south 
direction,  preferably  in  a  position  where  it  Is  shel- 
tered from  the  wind. 

Raise  one  end  so  that  It  is  15an  higher  than  the  other. 

Make  sure  the  rays  of  the  sun  strike  the  upper  sheet  as 
directly  as  possible.    (The  end  to  be  raised  w111  depend 
on  the  latitude  and  season  of  the  year.    For  example.  In 
latitudes  more  than  5  degrees  north  of  the  equator*  the 
northern  end  of  the  dryer  should  be  raised  In  winter 
and  the  southern  end  In  sunmer.) 


Protecting  from  Rain 

There  is  a  risk  that  driving  rain  inay  enter  the  upper  end  of  the  dryer 
and  wet  the  contents.    It  is  thus  necessary  to  fit  a  shelter  plate  to  the 
upper  sheet  at  this  end  of  the  dryer. 

Nail  a  wooden  batten  across  one  end  of  the  upper  surface 
of  the  top  sheet. 

.    Nail  to  this  wood  a  strip  of  metal  which  is  the  full  width 
of  the  sheet,  and  v^lch  will  jut  out  about  15cm  beyond  the 
end  of  the  dryer.    This  metal  can  then  be  bent  downwards 
in  a  gentle  curve  at  Its  outer  edge  so  as  to  shelter  the 
open  end  of  the  dryer. 


Si  ting 


Fitting  a  Polyethylene  Cover 

The  efficiency  of  the  Model  3  dryer  can  be  greatly  increased  by  fitting 
a  polyethylene  cover  over  th^^  top  metal  sheet.    The  plastic  creates  an 
insulating  air  space  betwe^,-*  the  polyethylene  and  the  corrugated  sheet. 

Build  a  simple  wooden  frame  over  the  top  sheet  using  two 
vertically  placed  battens  along  each  of  the  flanges »  and 
two  joining  battens  across  each  end  of  the  sheet. 
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Side  member  of  cover  frame 
nailed  to  flange 


Fill  the  spaces  between  the  corrugations  and  the  end  battens 
with  plaster,  clay,  or  cement.    Stretch  a  single  sheet  of  poly- 
ethylene over  the  frame*    Tack  or  staple  the  she^t  In  place* 

.    Keep  the  slots  in  the  side  Dlece  of  the  frait<f  (necessary  to 
acconmodate  the  hinge  rings)  as  small  as  possible*    They  should 
only  be  cut  enough  to  allow  clearance  fcr  the  rings* 

The  polyethylene  cover  will  protect  the  upper  corrugated  sheet  from  the 
cooling  effects  of  wind  and  rain*    It  also  Insulates  the  dryer  so  that 
higher  drying  temperatures  are  possible. 
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THE  PERMANENTLY  SITED  MODEL  3  DRYER 


The  dryer  described  above  can  be  permanently  sited  on  a  clay  platform, 
thus  avoiding  the  need  to  construct  a  support  and  the  lower  insulating 
box.    The  clay  platform  wiVI  provide  insulation.    This  type  is  built  as 
follows: 

.    Flange  the  sheets  and  hinge  together  as  described  for  the 
portable  dryer. 

.    Nail  wooden  battens  about  4cm  x  2cm  across  the  lower  side 
of  the  lower  sheet  at  each  end  and  at  the  middle,  to 
provide  rigidity. 


ROOMING  NAIL^  OR  LONG 

tOAiLS  DRIVEN  Thru 

6ATTE.N  AND  CUtmCVAE^Q 


Construct  a  simple  sloping  clay  platform  the  size  of  the 
lower  sheet  and  15cm  above  ground  level  at  one  end  and 
30cm  above  ground  level  at  the  other.    Mix  large  quantities 
of  dried  grass  or  leaves  with  the  clay. 
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While  the  clay  Is  still  wet  ftnd  soft,  bed  the  lower  sheet 
In  position  so  that  the  clay  moulds  to  the  corrugations 
of  the  sheet,   Allpw  the  clay  to  harden. 


CAUTION:    Make  sure  to  s  >  this  dryer  In  a  position  which  will  give  the 
most  effective  exposure  to  the  sun  at  the  time  of  year  when 
the  most  drying  Is  being  done. 
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General  Instructions 


OPERATING  INSTRUCTIONS 


PART^^WO: 


SOLAR  DRYERS 


Start  drying  as  early  as  possible  in  the, day  to  get  maximum  exposure  to 
the  sun.    Once  material  has  been  placed  in  the  dryer  and  the' cover  placed 
in  position,  do  not  lift  the  cover  until  drying  is  completed  for  the  day; 
taking  the  cover  off  will  allow  a  lot  of  heat  to  leave  the  dryer. 


Cleanliness 

Brush  the  dryer  out  daily  to  get  out  dust,  and  to  remove  any  pieces  of 
dried  material  spilled  from  drying  trays. 

Keep  the  drying  trays  clean;  wash  them  often. 


Temperature  Control 

Control  the  temperature  inside  the  dryer  by  opening  or  closing  the  upper 
air  outlets."  Temperature  may  be  measured  by  putting  a  thermometer  in  one 
of  the  upper  air  outlets.    When  doing  this,  shade  the  thermometer  from 
direct  sunlight  by  inserting  a  card  beneath  the  cover.  Temperatures 
measured  in  this  way  will  be  the  maximum  (not  necessarily  the  average) 
internal  temperature. 

Or,  temperatures  at  the  level  of  the  drying  material  may  be  measured 
by  drilling  a  hole  through  the  side  of  the  dryer  and  inserting  a  thermo- 
meter.   Again,  make  sure  that  the  bulb  is  shaded  from  direct  sunlight. 

Closing  the  upper  ventilation  outlets  will  increase  internal  temperatures. 
However,  if  rrroisture  begins  to  collect  inside  the  dryer  you  must  start 
opening  the  outlets. 

In  cases  where  opening  all  the  upper  outlets  still  results  in  temperatures 
which  are  too  high  for  the  material  being  dried,  additional  outlets  should 
be  cut  in  the  upper  edges  of  the  sides. 


ERIC 
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Shade  Drying 

Some  materials,  particularly  green  vegetables*  carrots*  plantain  and  some 
varieties  of  sweet  potato»may  lose  color  and  Vitamin  A  during  direct 
exposure  to  sunlight.    For  these  materials^  shade  drying  is  useful  (but"" 
not  completely  necessary). 

To  do  shade  drying,  fit  sheets  of  thin  metal  imnvediately  below  the  cover. 
Paint  the  metal  (galvanized  sheet  or  beaten-out  tin  containers)  black  on 
both  sides.    The  size  of  the  metal  sheet  should  be  just  less  than  the 
interna)  length  and  width  of  the  dryer.    Support  the  sheet  on  nails  driven 
into  the  inner  sides  and  ends  of  the  dryer.    Put  the  nails  in  not  more  than 
hd^i f-an-inch  below  the  upper  edges  of  the  sides. 

Make  sure  the  sheets  do  not  touch  the  lower  side  of  the  polyethylene  cover 
(otherwise  their  heat  may  cause  it  to  melt).    But  the  sheets  should  be 
high  enough  So  that  hot  air  from  beneath  the  sheet  can  still  escape 

through  the  upper  air  outlets. 

When  fitted  properly,  as  described  above,  these  sheets  will  send  almost 
all  of  the  h^at  they  receive  to  the  air  inside  the  dryer,  and 
the  internal  temperatures  ?.re  similar  to  those  made  by  sunlight.    Use  of 
metal  shading  sheets  can,  in  fact,  assist  drying*  since  their  presence 
encourages  more  effective  convection  air  movement  through  the  dryer. 


Fogging 

If  fogging  occurs  during  use,  withdraw  tacks  or  staples  from  a  short 
loMQth  at  each  end  of  the  cover,  open  up  the  polyethylene  to  allow  mois- 
ture to  escape  while  the  dryer  is  in  operation,  and  then  refasten  the 

polyethylene  in  place. 


"Stot^age'^  Heating 

A  s*:uple  Enodificaticn  to  either  the  Model  1  or  Model  2  dryers,  which 
,^ir  enhance  efficiency  of  drying  during  periods  of  intermittent  cloud- 
ing or  rain,  is  the  placing  of  a  layer  of  dark-colored  (or  black-painted) 
rough-surfficed  stones  in  the  bottom  of  the  dryer.    These  stones  should  be 
egg  sized  cr  slightly  larger, 

uuring  periods  of  sunshine, the  stones  will  become  heated.  Then  When  the 
Slip  is  covered  by  clouds,  the  stones  maintain  the  internal  temperature 

by  c;iving  up  heat  to  the  air. 
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DRYING  GRAIN  CROPS 


To  make  sure  crops  do  well  In  storage,  they  should  be  carefully  dried, 
either  "In  the  head**  or  after  threshing,  before  they  are  placed  In  storage. 
If  dried  "In  the  head,"  grains  should  be  threshed  before  storage, since 
closely  packed  grain  Is  less  subject  to  Insect  attack. 

Groundnuts  can  be  dried  either  In  the  shell  or  after  shelling.  Storage 
In  the  shell  provides  protection  against  Insect  attack. 

Shattering  sesame  may  be  harvested  before  pods  are  quite  ripe  and  dried 
in  trays  with  very  fine  mesh  bottoms.    It  will  then  shatter  In  the  dryer. 
But  since  all  the  seeds  will  be  retained,  this  method  of  dealing  with  sesame 
has  great  advantages.  ^ 

Threshed  grains  should  be  spread  In  a  1cm  to  4cni  deep  layer  on  drying 
trays  of  appropriate  mesh  size,  so  as  to  give  a  loading  of  about  7-lOkg 
per  square  meter.    For  bulky  material  such  as  unthreshed  finger  millet 
or  sorghumt  layers  up  to  7.5cm  deep"can  be  used.    For  groundnuts  In  the 
shell,  layers  may  be  up  to  5cm  deep. 

For  very  small  seeds t  such  as  finger  millet  or  sesame,  trays  with  a  very 
fine  mesh  wlUbe  needed.  Mosquito  netting  or  tightly  stretched  hesslan 
sacking  would  be  appropriate. 
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1 

ENEMIES  OF  SToIrED  GRAIN 
WVRT1:  INSECTS 


This  discussion  of  insects  deals  only  with  some  of  the  Insects  that 
attack  stored  grain.    It  is  designed  to  help  you  provide  fanners  with 
the  information  they  need  to  control  Insect  Infestation  in  their  stored 
grain,    !f  you  find  insects  in  your  area  that  are  not  discussed  here»  or 
if  you  require  more  infonnation  on  Insects  In  general*  there  are  more 
detailed  books  which  will  help  you  name  the  pest  and  will  give  information 
on  controlling  the  pest. 


WHAT  IS  AN  INSECT? 


Insects  have  six  legs.    Fanners  may  see  other  insect-like  creatures  In 
or  near  their  gra1n»  but  they  are  not  Insects  If  they  have  more  or  less 
than  six  legs.    Spiders,  mites,  and  scorpions  have  more  than  six  legs, 
so  they  are  not  insects, 

/ 

Most  insects  have  two  pairs  of  wings;  some  Insects  can  fly  and  some  cannot 
All  Insects  have  three  main  parts  to  their  bodies:  head  (front);  thorax 
(middle);  abdomen  (behind).    The  legs  and  wings  are  attached  to  the  thorax 
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Some  Other  Facts  About  Insects: 

.    Insects  have  no  bones^and  the  soft  inside  parts  are  protected 
in  a  hard  case  called  the  exoskeleton. 

.    Insects  bite    ^f,  scrape  off,  or  chew  food  using  their  mandibles 

.  (jaws). 

.    Some  insects  are  25cm   long.    Most  grain  storage- insects  are 
onlv  from  2  to  20mm  long.    The  length  of  an  insect  is  measured 
from  the  tip  of  the  head  to  the  end  of  the  abdomen. 


INSECT  LIFt  CYCLE 


Humans  qrow  from  babies  to  children  to 
acults.    This  is  the  human  life  cycle. 
Most  grain  insects  grow  from  eggs  to 
Idrvae  to  pupae  to  adults.    These  growth 
stages  are  the  insects^  life  cycle. 

U  is  not  important  for  a  famer  to  know 
the  names  of  the  insects  or  the  names  of 
the  staqes  in  their  life  cycles.    But  it 
is  important  for  him  to  be  able  to  recog- 
nize insects  at  all  these  stages.  More- 
over, he  must  know  how  stored  grain  insects  develop,  so  he  will  know 
where  to  look  for  signs  of  insects  in  his  grain.    Adult  insects  are 
easy  to  see,  but  larvae  and  eggs  of  insects  often  are  not. 


Each  feral^  insect  can  lay  many  eggs.    The  number  of  eqgs  depends  upon 
the  kind       ir^sect;  some  females  lay  hundreds  of  eggs.    And  each  of  these 
eg^s  could  grow  into  a  new  adult.    Some  insects  lay  eggs  on  top  of  the 
orain;  sonTt>  injects  lay  eggs  inside  the  grain.    The  eggs  are  laid  In 
f;tOrage  or  in  the  field,  depending  upon  the  kind  of  insect. 


Larv.^e 


Eggs  hatch  into  larvae.    Larvae  are  often  the 
big  grain  eaters,    A  larva  growing  inside  a 
grain  kernel  eats  out  the  inside  of  the  kernel. 
Each  larva  Is  covered  with  a  tough  skin  called 
the  cuticle.    The  larva  grows  and  the  cuticle 


152 


gets  too  small.    The  larva  throws  the  cuticle  away,  keeps  eating,  and 
forms  a  new  skin.    This  whole  process  might  happen  three  or  more  times 
before  the  larva    is  full  size  and  passes  to  the  next  stage. 


Pupae 

This. is  the  transformation  stage.    Sometimes  the 
larva  forms  a  cocoon  or  other  protective  covering 
around  itself  as  it  goes  into  this  stage.    As  a 
pupa,  the  growing  insect  needs  no  food  and  moves 
only  in  very  small  movements.    It  Just  slowly 
changes  into  an  adult  insect. 


Adult 


When  all  the  adult  characteristics  are  developed, 
the  pupa  throws  off  a  last  skin  and  the  adult 
comes  out.    The  new  adult  is  pale  and  soft.  It 
takes  2-72  hours  for  the  cuticle  of  the  adult  to 
harden  and  take  on  adult  coloring  and  markings. 


HOW  INSECTS  GET  INTO  GRAIN 


Insects  get  into  grain  in  a  number  of  ways,  depending  upon  the  kind  of 
insect: 

.  Some  insects  infest  the  grain  while  it  is  still  in  the  field  — 
before  harvest  and  after  (if  the  grain  is  being  dried  in  the 
field). 

.  Some  insects  can  fly  from  fields  to  stored  grain  and  from  stored 
grain  to  the  fields*   This  type  of  insect  is  very  dangerous 
because  it  can  so  easily  get  to  the  grain. 


>^r>^  ^/^i-a 
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,  Farmers  store  grain  year  after  year  In  the  same  sacks,  containers,, 
and  buildings.    Bins  made  of  wood  or  woven  grasses  have  cracks 
and  spaces  which  fill  up  with  dust,  dirt,  and  broken  grains. 
Insects  live  in  these  dirty  places  and  infest  the  new  grain 
right  after  it  is  put  into  the  container. 

.  New  grain  ii  put  into  a  storage  building  containing  grain  left 
from  the  last  harvest,  grain  already  heavily  infested. 

■  Grain  goes  from  the  field  to  the  storage  place  in  carts  and 
wagons  which  were  not  cleaned  after  the  last  use. 


WHY  INSECTS  INFEST  GRAIN 


Insects  which  infest  grain  also  eat  and  live  in  other  materials.  Insects 
infest  grain  because  grain  provides  food.    Unfortunately,  in  too  many  cases, 
stored  grain  provides  a  perfect  place  for  insects  to  live  and  grow  because 
food,  air,  moisture,  and  heat  are  provided. 


Obviously,  grain  provides  food.    But  grain  provides  food  for  insects  in 
different  ways.    Some  insects  like  certain  kinds  of  grains  better  than 
others.    Not  all  insects  eat  the  same  part  of  the  grain  kernel.    How  they 
e^t  the  grain  and  the  part  of  the  grain  th^  eat  depends  upon  the  type  of 

i  jis  ec  t . 


Primary  Pests.     Some  insects,  such  as  the 
Angoumois  Grain  Moth>  the  Lesser  Grain  Borer^ 
and  the  Rice  Weevil  are  primary  pests.  They 
.attack  the  grain  first.    They  are  able  to 
break  down  the  hard  seed  coat  of  the  whole 
grain.    Their  eggs  are  laid  inside  the  kernel, 
and  the  growing  larvae  eat  the  inside  of  the 
kernel . 


Food 
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Secondary  Pests.    Other  insects  follow  these  first  attackers.   These  are 
secondary  pests.   They  feed  on  the  grain  that  now  has 
broken  and  cracked  seed  coats.   The  Rusty  Grain 
Beetle  is  a  Qood  example  of  a  secondary  pest. 
This  beetle  will  not  attack  healthy,  undamaged 
grain,  but  it  will  attack  spoiled  grain.  A 
fanner  should  know  which  beetles  attack  first 
and  which  do  not.    If  a  fanner  sees  a  Rusty 
Grain  Beetle  in  his  stored  grain,  it  is  a  sign 
that  he  should  look  for  other,  worse  inse^^t 
attackers. 

Tertiary  Pests .    There  is  even  a  third  group  of  insects  found  in  stored 
grain.    These  are  the  tertiary  pests.    They  feed  on 
broken  grains,  grain  dust,  and  powder  left  by  the  other 
groups.    Th^  Confused  Flour  Beetle  is  a  tertiary  pest  of 
whole  grains.   Also,  it  is  a  primary  pest  of  milled  grains, 
such  as  flour. 

It  is  not  important  for  a  farmer  to  know  the  names  of  these 
insects,  but  he  should  know  how  the  given  insects  eat  and 
whether  they  attack  grains  already  damaged*    If  he  can  read 
the  signs  left  by  the  insects*  he  will  be  better  able  to 
find  infestations  before  they  become  a  major  problem. 


Air 

Insects  do  require  a  certain  amount  of  air  containing  oxygen  to  live. 
Storing  grain  in  containers  which  keep  out  air  is  based  on  knowledge  of 
this  fact.    Airtight  storage  will  be  discussed  later.    Briefly,  in  air- 
tight storage,  the  respiration  of  the  grain,  and  of  insects  in  the  grain* 
uses  up  the  oxygen  quickly;  any  insects  present  in  the  grain  will  die. 


Moisture 

Insects  need  some  moisture  to  live,  and  they  can  get  it  from  stored  grain 
in  several  ways: 

.  Insects  can  take  moisture  from  the  air,  just  as  grain  can, 

-  Grain  contains  moisture  which  insects  get  when  they  eat  it. 
The  more  moisture  the  grain  contains,  the  better  food  it  is 
for  insects. 

.  Insects  produce  moisture  and  heat  in  the  stored  grain  as  they 
eat.    The  Insect-infested  grain  then  respires  more  quickly 
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and  produces  more  heat  and  more  moisture.    In  a  hot  spot,  where  insects 
are  active,  grain  releases  a  lot  of  moisture  into  the  grain  mass.  Insects 
can  take  this  moisture  into  their  bodies.    When  the  hot  spot  becomes  too 
hot«  the  insects  will  leave  It  and  go  to  another  part  of  the  grain  mass.  \ 

Insects  can  take  moisture  directly  from  the  wet  surfaces  of  the  grain 
through  special  openings  in  their  bodies. 

The  fact  that  insects  require  a  certain  amount  of  moisture  is  important 
because  it  underlines  the  need  for  careful  drying  of  grain  before  it 
goes  into  storage. 


Insects  live  best  within  a  certain  temperature  range.    As  the  temperature 
in  the  grain  gets  lower^  they  become  less  active     At  one  point  they  stop 
reproducing.    If  the  temperature  goes  below  5^  C  they  will  die^depending 
on  length  of  exposure  and  other  conditions.    As  the  temperature  increases 
from  10-26**  C,  depending  upon  the  kind  of  insect,  they  become  more  and 
more  active.    They  will  reproduce  very  quickly  In  a  grain  hot  spot,  for 
example »  until  the  g^ain  gets  too  hot.    Above  35°  C.  they  have  a  more  dif- 
ficult time  living  and  die  at  60^  C. 

Try  to  keep  stored  grain  as  cool  as  possible. 


COMMON  GRAIN  PESTS 


There  are  inany  kinds  of  insects  which  can  attack  stored  grain.  But  it  is 
a  much  smaller  number  of  insects  which  cause  the  major  insect  problems  in 
stored  grain. 


The  following  pages  contain  information  on  some  major  stored  grain  insect 
Pests.    E^ach  insect  is  discussed  on  a  separate  page.    This  information 
should  help  farmers  indentify  the  insects  which  are  in  their  grain.  Since 
th9  right  control  method  often  depends  upon  the  kind  of  insect  involved, 
and  upon  the  characteristics  of  that  insect's  life  cycle,  each  page  gives 
a  picture  and  description  of  the  insect  and  other  information  on  that 
insect's  habits  and  life  cycle. 


Heat 


ERIC 
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GRANARY  WEEVIL 

SitophUiu  granariut  L. 


WHAT  IT  LOOKS  LIKE 
.  Brown  or  black 
.  Long,  th1n  nose 
.  Strong  jaws 

,  Long  stripes  on  the  body 
.  No  wings 
.  3.5nin  long 


WHERE  IT  LIVES 

.  In  many  kinds  of  grain 
.  In  all  parts  of  the  world 


Ijuect6<7. 


ACTUAL  SIZE 


ENLARGED 


LIFE  CYCLE 

.  Develops  from  egg  to  adult 
1n  4  weeks,  In  warm  weather 


Female  lays  SO  -  2S0  eggs 
Inside  the  grain  kernel 
after  female  makes  hole 
with  strong  jaws 


Larvae 


"Srow  inside  grain  kernel 
See  Picture 


Pupae 


See  Picture 


Adults 


"Develop    from  egg  to  adult 
in  4  weeks,  in  warm  weather 
Leave  the  seed  and  eats  the 
kernel  while  getting  readv 
to  lay  eggs 

Adult  lives  7-8  months 


LARVA  INSIDE  KERNEL 
OF  WHEAT 


PUPA  INSIDE  KERNEL 
OF  WHEAT 


ADULT  EATING  KERNEL 
OF  WHEAT 


NOTE:    A  Primary  Pest.    It  looks  a  lot  like  the  Rice  Weevil. 

The  Granary  Weevil  and  the  Rice  Weevil  are  the  only 
grain  storage  Insects  with  long  snouts  (noses),  so 
they  are  easy  to  see.    The  Granary  Weevil  cannot  fly; 
the  Rice  Weevil  can  fly. 
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USSER  GRAIN  BORER 

Rhytopertka  dominica  F. 

WHAT  IT  LOOKS  LIKE 

.  Shiny,  dark  brown  or  black 
.  Head  turned  down  under  body 
.  Strong  jaws  which  cut  wood 
.  2.5  to  3m  long 


WHERE  IT  LIVES 

.  In  warm  places  all  over  world 
.  In  many  kinds  of  grain 


ADULT 
ENLARGED 


ACTUAL  SIZE 

0 


LIFE  CYCLE 

.  Life  Cycle  Is  completed  in 

about  5  weeks 
.  Each  female  lays  from  300-500 


eggs 


URVA  IN  KERNEL 
OF  WHEAT 


laai 


Laid  on  the  surface  of  the  grain  or 
in  spaces  between  grains 
Hatch  In  a  few  days 


Larvae 

TTrawl  around  grain  eating  flour 

left  by  the  boring  of  adult  beetles 
.  Bore  holes  in  damaged  grains 
.  Finish  growing  inside  grain  kernel 
.  Picture  of  larva  Inside  kernel  of 
wheat.  See  Picture 

Pupae 
TTee  Picture 

Adul ts 

.  Cut  their  way  out  of  the  kernel 
.  Feed  on  grain 


PUPA  EN  KERNEL 
OF  WHEAT 


ADULTS  EATING 


NOTE:    A  Primary  Pest,  both  the  beetles  and  the  larvae  of  the  Lesser  Grain 
Borer  are  very  dangerous  Insect  pests.  They  bore  holes  in  .the  grain 
and  leave  behind  a  powder  from  the  chewed-up  grain.    Here  is  a 
picture  which  shows  kernel  of  v^eat  full  of  holes  made  by  the 
boring  and  feeding  of  the  adult  and  the  larvae. 
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SAW-TOOTHED  GRAIN  BEETLI 

Orytaephilus  turiwmefuU  L. 

WHAT  IT  LOOKS  LIKE 

.  Narrow,  flatt  small,  dark  brown 
.  3.5  nvn  long 


WHERE  IT  LIVES 

.  In  sorghum,  malze^and  other 
cereals  and  flour 


HOW  IT  GROWS 

.  Grows  from  egg  to  adult  In  3  to  4 

weeks  In  warm  weather 
^  Each  female  lays  about  300  eggs 

.  Laid  among  the  grains 
.  Hatch  In   3  to  5  days 

Larvae 

TTre  straw  colored 
-  Crawl  among  the  grain  eating  broken 
kernels 

.  Grow  in  this  stage  about  4  weeks 

Pupae 

.  Form  in  a  cocoon 
.  See  Picture 

Adults 

TTdults  live  from  6  months  to 
3  years 


ENLARGED 
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FLAT  GRAIN  KETU 


WHAT  IT  LOOKS  LIKE 

,  Long  antennae  (feelers) 
.  Redd1  sh-brown»  flat 
.  1  -  2inni  long 


WHERE  IT  LIVES 

.  In  produce  which  is  dusty» 
Contains  broken  gra1n»  or 
Is  already  Infested 


ACTUAL  SIZE 


HOW  IT  GROWS 

.  Grows  from  egg  to  adult  in 
5  weeks 

Eggs 

,  Laid  in  cracks  in  grain  or 
in  spilled  grain 

Larvae 

,  Yellowish-brown 

.  Like  to  eat  the  germ  of 

cereal  grains 
,  May  not  eat  any  other  part  of 

grain 

.  Like  to  eat  grain  having  mold 
on  it 

Pupae 

,  Transform  in  a  cocoon 
Adults 

.  Live  from  6-12  months 


NOTE;    The  flat  Grain  Beetle  can  be  a  primary  pest.    But  if  you  find  this 
beetle*  you  know  that  other*  more  dangerous  insects  are  in  the  grai 
Often  you  find  the  Flat  Grain  Beetle  in  grain  already  damaged  by 
the  Rice  Weevil . 


ADULT 


ENLARGED 


LARVA 
ENLARGED 
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^NGOUMOIS  GRAIN  MOTH 

SiMroga  ctreaUUa  Olivier 


WHAT  IT  LOOKS  LIKE 

.  Light,  yellow-brown 
.  S'lOmm  long 

.  15mm  from  tip  of  wing  to 

wlngtip 
.  Fringe  on  back  wings 


ENURGED 


ACTUAL  SIZE 


WHERE  IT  LIVES 

.  Attacks  all  grains  in 

storage  and  in  the  field 
.  In  all  parts  of  the  world 


LIFE  CYCLE 

.  Adults  do  not  live  long 
and  do  not  eat 
Each  female  adult  lays 
50-100  eggs 


E^ 


LARVA  ENTERS  KERNEL  AND 
BEGINS  GROWING 


6P 


Laid  on  the  surface  of  grain 
In  the  field  or  In  storage 


FULL-GROWN  LARVA  IN 
WHEAT  KERNEL 


Larvae 

.  Eat  Into  kernel  after  hatching 
.  Grow  Inside  kernel  for  5  weeks 
.  Eat  inside  to  the  seed  coat 
and  they  cut  out. part  of  a 
circle  (door)  in  the  seed  coat 


PUPA  IN  KERNEL  OF 
WHEAT 


Pupae 


'Form  inside  a  cocoon  near  the 
door  cut  by  the  larvae 


Adults 


Push  out  through  the  door 
prepared  by  larvae 
Lay  eggs  on  the  stored  grain 
or  fly   to  the  fields  and  lay 
eggs  on  grain  there 


NOTE:    PRIMARY  PEST 


ADULT  MOTH  LEAVES  THE 
WHEAT  KERNEL 


ERIC 
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RICE  WEEVIL 

SitopkUus  orytae  L. 


WHAT  IT  LOOKS  LIKE 

.  Reddish-brown  or  black 
.  May  have  4  light  spots  on  Its  back 
.  Long  fvose  is  easy  to  Identify 
,  2. Sum  long 


WHERE  IT  LIVES 
,  In  warm  places 
.  In  sorghum,  ma1ze,and  other 
stored  grain 


HOM  IT  GROWS 

.  Fetnale  lays  300-400  eggs 


Laid  inside  the  grain  kernel 
Sealed  Into  the  hole  with  secretion 
which  makes  them  difficult  to  see 


Larvae 

.  Have  no  legs  and  are  white 
.  Grow  Inside  grain  kernels 

and  do  most  of  the  damage 
.  Stay  In  larvel  stage  about 

5  weeks 

Adults 

.  Leave  the  kernels.    Half  kernel  is 
eaten  »nrf-ather  half  Is  poor 
quality 

.  Feed  on  the  seeds 

.  Looks  like  the  Granary  Meevll^but 
this. weevil  can  fly  \ 


ADULT  ^ 
ENLARGED 


ACTUAL  SIZE 


s 


PUPA  IN  KERNEL 
OF  WHEAT 


ADULT  EATING  KERNEL 
I    OF  WHEAT 


NOTE:    PRIMARY  PEST.    It  can  fly.    It  flies  from  grain  storage  places 
to  the  fields  and  back  again.    It  can  Infest  grain  again  and 
again. 
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INDIAN-MEAL  MOTH 

Ptodia  intfrpunctella  Hbn. 


WHAT  IT  LOOKS  LIKE 

.  Reddish-brown  outer  wings 

.  Mhltlsh-gray  wings  next  to  body 

.  16mn  from  tip  of  one  wing  to 

tip  of  the  other 
.  Easy  to  see  In  grain 


ADULT 
ENLARGED 


WHERE  IT  LIVES 

.  In  broken  grains  and  flour. 

Also  can  attack  whole  gains 
.  In  all  parts  of  world 


HOW  IT  GROUS 

.  Grows  from  egg  to  adult  In 

6-8  weeks 
.  Each  female  lays  200-300  eggs 


ACTUAL  SIZE 


Laid  on  food  or  grain 

Hatch  into  small,  white  larvae 


Larvae 

Eat  embryo 


Spin  thread  while  they  eat 
Dirty  white  color 
Sometimes  look  pink  or  green 
Spin   a  cocoon 


ENLARGED  LARVA 


Pupae 

TLIght  brown 
.  Develop    In  a  cocoon 

Adults 

.  Usually  attack   grain  already 

attacked  by  other  insects 
.  Live   less  than  14  days 


ADULT  WITH 
WINGS  FOLDED 


NOTE:    Checking  and  moving  grain  from  time  to  tlite  Is  good  protection 
against  this  Insect.   Alsot  the  Ind1an-He;al  Moth  Is  attacked 


by  the  parasite  Bracon  hebetor  Say. 


/ 


ERIC 
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CONFUSED  FLOUR  BOTU 

'  Tribolium  eonfusum  J.  du  V»l 


WHAT  IT  LOOKS  LIKE 

.  Shiny,  reddish-brown,  flat 
,  3-4niii  long 


WHERE  IT  LIVES 

.    .  In  all  parts  of  the  warld 

.  Iri  storage  places  and  flour  mills 


ADULT 
ENLARGED 


HOW  IT  6R0MS 

.  Changes  from  egg  to  adult  In 

6  weeks  In  warm  weather 
.  Female  lays  450  eggs 
.  Eggs  are  sticKy  and  stick  to 

boxes,  sacks,  and  storage 

contal ners 


ACTUAL  SIZE 


Larvae 

.  Larvae  eat  flour,  grain  dust, 
and  broken  surfaces  of  grain 
kernel  s 

Pupae 

.  First  whUe,  then  change  to 
yellow  and  then  to  brown 
color 

Adults 

TXive  about  1  year 


LARVA 
ENLARGED 
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DRUGSrORI  BEETLE 

Steoobium  paniceum.  L. 

WHAT  IT  LOOKS  LIKE 

.  Small,  fat,  reddish  colored 
.  Body  covered  with  soft  hairs 


WHERE  IT  LIVES 

,  In  mny  kinds  of  stored  grain 
.  In  all  parts  of  the  world 


LIFE  CYCLE 

,  Develops  from  egg  to  adult 

In  6-8  weeks 
.  Each  female  lays  abou^  100  eggs 

Eggs 

.  Laid  in  ariy  dry  food  substance 

Larvae 

TTmall  and  white 
.  Enlarged  picture 

Adult  , 

TT-Ooks  like  cigarette  Beetle 
.  Adults  live  only  2  to  4  weeks 


ADULT 
ENLARGED 


E 


ACTUAL  SIZE 


LARVA 
ENLARGED 


PUPA 
ENLARGED 


NOTE:    Protect  grain  from  this  beetle  by  checking  the  stored  grain 
often.    This  beetle  never  attacks  grain  unless  the  grain 
has  been  In  storage  for,.a  long  time  without  being  checked  or 
moved. 


SIDE  VIEW  '^i-  ADULT 


\ 


RED  FlbUR  KITLE 

Tribolium  eaatatuum  Hbaf:. 


WHAT  IT  LOOKS  LIKE 
.  3-4imi  long 

.  Looks  >1ke  Confused  Flour  Beetle 


ADULT 
ENLARGED 


WHERE  IT  LIVES 

.  In  warm  countries 

.  In  grain  dust  and  broken  grains 

/ 

/ 

HOW  IT  GROWS 

.  Female  ^<^ys  400  -  500  eggs 


Eggs 


Laid  1n  dust,  flour 


Hi  i^a< 


Larvae 

TTtay  1n  larval  stage  5  weeks 
.  Feed  on  stored  produce 
.  Whitish-yellow  color     ,  _ 
.  Has  two,  dark;^  upturned,  pplhted 
projections/at  back  end:  of  bO{(y 

Adults  i 
TTat  and  breed  the  same  way 

as  Confused  Flour  Beetle 
.  Give  terrible  smell  and  taste 
to  grain  In  which  ttiey  live 


a 


ACTUAL  SIZE 


LARVA 
ENLARGED 
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kHAPRA  METLE 

Trogodermc  grcnarium  EvertB 


WHAT  IT  LOOKS  LIKE 

.  Brown  or  black  color 

.  Bo<1y  has  many  f1ne»  yellowish 

hairs  a11  over 
,  1 ,5  -  3nm  long 


ADULT 
ENLARGED 


WHERE  IT  LIVES 

.  In  stored  grai n 
,  In  a11  parts  of  the  wOr1d» 
particularly  warm  places 


HOW  IT  GROWS 

^  Grows  from  egg  to  beetle  In  4  -  6 

weeks  In  good  growth  conditions 
,  Female  lays  40  -  70  eggs  each 

Larvae 

\  Can  take  up  to  a  year  to  hatch 
.  Yellow-white  and  have  many  hairs 
.  Leave  many  hairs  In  the  grain 
.  Grow  to  6nri  in  the  larval  stage. 

Takes  about  3  weeks 
.  Are  able  to  live  without  food  or 

water  for  long  periods 
,  Appear  on  surface  of  stored  grain 
.  Crawl  Into  cracks  of  buildings  and 

bins.    Hard  to  reach  even  with 

Insecticide 

Adults 

Life  cycle  can  take  years  while 

under  poor  conditions 
.  Breed  quickly  under  good  conditions 
.  Live  only  about  14  days 


«      ACTUAL  SIZE 


LARVA 
ENLARGED 


NOTE:    Primary  Pest.    Grain  damaged  by  the  Khapra  beetle  looks  liic^  grain 
which  has  been  attacked  by  the  Lesser  Grain  Borer. 


ERIC 
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ClOAUm  KETU 

Lasioderma  Merricanu  F. 


WHAT  IT  LOOKS  LIKE 

.  Redd1sh*ye11ow  or  brown 
.  Head  bent  down  toward  body 
.  3iTm  long 


WHERE  IT  LIVES 

.  In  stored  products  all  over 

the  world 
.  In  grain  left  too  long  In 

storage  in  the  original  sacks 


LIFE  CYCLE 

.  Develops  from  egg  to  adult 

in  6  to  8  weeks 
.  Female  lays  about  100  eggs 


ADULT 
ENLARGED 


ACTUAL  SIZE 


LARVA 
ENLARGED 


Larvae 

TTee  Picture 

Pupae 

.  See  Picture 

Adult 

.  Looks  like  adult  Drugstore 


PUPA 
ENLARGED 


Beetle 

.  Adults  live  from  2  to  4  weeks. 


IBS 


FLOUR  OR  GRAIN  MITE 

AeoTUM  ttro  L. 


WHAT  IT  LOOKS  LIKE 

.  Pale,  gray-white  color 
.  Smooth  bodies  with  lots  of  hairs 
.  Breed  quickly 

•  Real  size  no  bigger  than  the  dot 
of  an  "1" 

ADULT 

WHERE  IT  LIVES  ENLARGED 
.  In  warm,  wet  pUces 
.  In  broken  grain  and  flour 


WHAT  TO  LOOK  FOR 

.  Fluffy,  light-brown  masses  on  the  floor  r~|~~| 
around  sacks  of  stored  grain  L___J 
These  masses  are  the  old  skins  and  dead 

bodies  of  mites.  If  you  see  these  masses,  ACTUAL  SIZE 
there  are  many,  many  mites  in  the  grain 


WHAT  MITES  DO  TO  GRAIN 

.  They  do  not  eat  much  grain 

.  When  there  are  many  mites,  the  grain  gets  wanner  and  wetter 
.  When  there  are  many  mites,  a  bad  smell  develops  in  the  grain 
.  Flour  which  has  had  large  numbers  of  mites  In  It  is  no  good  for 
baking 


WHAT  TO  DO  ABOUT  MITES 

.  Screen  and  fan  the  grain  if  you  find  mites. 
.  Dry  grain  very  well  before  storing. 

.  Dust  sacks  of  flour  or  other  milled  cereal  products  with  recom- 
mended Insecticide.    Place  sacks  so  they  do  not  rest  directly 
on  the  floor.  , 
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CONTROL  OF  INSECTS  IN  STORED  GRAIN 


INTRODUCTION 


Adult  Insects  are  easy  to  see  In  grain.    They  live  outside  the  grain* 
and  they  are  darker  in  color.    Often  a  fanner  waits  until  he  sees  adults 
before  he  takes  any  steps  to  control  Insects  or  applies  Insecticide. 
This  approach  can  be  a  mistake.    When  the  fanner  sees  adults*  It  usually 
means  the  c,rain  contains  many  more  insects  than  the  ones  he  Is  seeing. 


Insect  control  should  begin  before  the  harvest.   And  It  must  definitely 
begin  before  the  grain  is  put  into  storage.    There  are  many  steps  fanners 
can  take  to  protect  their  grain  from  pests.    Some  of  these  steps  involve 
Insecticides*  but  all  of  them  depend  upon  thorough  cleaning  of  storage 
bins  and  containers. 

The  first  step  a  fanner  should  take  is  to  plan  an  insect  control  program. 
His  program  should  include*  among  other  things: 

.    finding  out  which  insects  are  damaging  his  grain. 

.    drying  and  cleaning  his  grain  very  well. 

asking  an  extension  agent  about  insect^ jides. 

deciding  if  he  has  enough  money  to  buy  insecticides. 


The  second  step  a  fanner  should  take  is  to  follow  some  general  guidelines 
for  cleaning  and  storing  his  grain. 


Whether  the  storage  area  Is  old  or  new,  it  must  be  clean.    Most  farmers 
can  save  many  grain  losses  by  careful  cleaning  of  storage  containers^ 
b1ns»  and  buildings.    And  cleaning  does  not  cost  large  amounts  of  moniey. 
For  just  a  little  time  and  effort*  the  fanner  can  get  better  retu*its  on 
the  effort  he  puts  Into  growing  and  harvesting  his  crop. 

AU  equipment  which  touches  the  grain  should  be  clean.  This  includes 
tools  for  harvesting  and  threshing.  It  also  means  cleaning  the  carts 
and  wagons  used  for  carrying  the  grain. 

Cleaning  and  repairing  should  Include: 

.    sweeping  out  gra1n»  grain  dust,  and  dirt  from  storage 
bins,  buildings^  or  areas  in  the  home  where  grain  is 
kept. 

.    repairing  cracks  in  floors^  walls»  and  ceilings  where 
insects  might  get  in  or  live. 

removing  pieces  of  grain  and  dust  from  cracks,  beams » 
ledges,  and  other  parts  of  the  building. 

.    patchin9  any  holes  in  the  building  and  making  sure  it  Is 
watertight;  moisture  must  not  get  Into  the  storage  area. 

Concrete  and  metal  bins  are  easier  to  clean  th^n  wooden  bins  and  saclcs. 
But  all  containers  should  be  cleaned  as  carefully  as  possible. 

Many  farmers  make  the  mistake  of  storing  grain  from  a  new  crop  near 
grain  from  an  older  crop.    If  the  grain  from  the  old  crop  is  full  of 
Insects  (and  it  usually  1s)»  the  insects  will  spread  to  the  new  grain 
quickly.    Also,  grain  for  eating  and  selling  should  never  be  put  into 
storage  with  grain  which  will  be  used  to  feed  the  animals.  Animal 
grain  usually  sits  around  for  a  long  time  and  is  full  of  insects. 


RIGHT  WRONG 
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Sometimes  farmers  cannot  find  or  afford  the  correct  insecticide.  In 
these  cases,  careful  cleaning  will  help  the  problem.    In  fact* 
insecticides  will  not  work  properly  unless  they  are  used  under  dry* 
clean  conditions.    So  the  following  material  presents  information  on 
steps  the  farmer  can  take  to  control  insects  —  both  wUh  and  without 
the  use  of  insecticides. 


CONTROLLING  INSECTS  WITHOUT  INSECTICIDES 


Traditional  Methods 

Fanners  have  been  fighting  insects  for  hundreds  of  years.  They  accept 
the  fact  that  insects  are  going  to  eat  and  destroy  a  certain  amount  of 
their  grain.    Here  are  some  insect  control  methods  farmers  use: 


Mixing  Local  Plants  with  Grain.    In  many  areas^  fanners  mix  local  plants 
with  grain.    Information  about  which  plants »  and  which  parts  of  the 
plants^  should  be  mixed  with  grain  is  passed  on  within  the  family;  the 
plants  differ  from  one  part  of  the  world  to  another.    Such  natural 
control  methods^  or  methods  which  provide  active  control  without  insect! 
cide,  need  to  be  looked  at  more  closely.    Future  editions  of  this  manual 
might  include  a  chapter  on  using  such  plants  and  other  natural  control 
methods. 


Mix1ng_Sand  or  W0Qd-A<;h  with  Grain.    This  is  another  natural -control 
method.    Some  fanners  mix  sand  or  wood-ash  with  threshed  grain  to  keep 
Insects  from  breeding.    The  sand  scratches  the  covering  or  cuticle  of 
the  Insect's  body  and  the  insect  loses  moisture  through  the  scratches. 
If  the  grain  is  dry>  Insects  will  not  be  able  to  get  enough  moisture 
to  replace  the  moisture  lost  though  the  scratches*  and  they  will  die. 


Sunning.    Insects  leave 
gram  which  is  placed  in 
hot  sun! ight.    They  do 
not  like  heats  higher  than 
40-44^C.    The  sunninq 
process,  however^  does  not  al- 
ways kill  eggs  and  larvae  which 
are  inside  the  kernels  of  grain 
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Snoking.    Some  /armers  store  unthreshed  grain  on  raised  wooden  plat- 
forms.    They  build  small  smoky  fires  under  the  platforms.  Other  farmers 
store  harvested  grain  in  the  roof  of  the  building  or  shelter  used  for 
cooking.    Both  of  these  methods  use  the  smoke  and  heat  of  fires  to 
kill  and  drive  insects  out  of  the  grain-    The  heat  from  the  fires  atlso 
helps  to  keep  the  grain  dry  and  protects  the  grain  from  new  insect 
attacks. 

Storing  in  Airtight  Containers.    This  is  the  process  of  putting  graiin 
into  a  closed  container  so  that  no  air  can  enter  the  grain.    Insects  in 
the  grain  then  die  because  there  is  not  enough  air  containing  oxygen. 
In  some  areas,  farmers  store  grain  in  very  dry  underground  pits  which 
can  be  made  quite^^airtight.    Othe^  types  of  airtight  storage  containers 
can  be  more  difficult  to  build  and  maintain-    Airtight  storage  is  talked 
about  more  completely  in  the  section  on  storage  methods. 

Storing  Unthreshed  Grain.    The  husk  on  maize  and  the  hull  of  rice  offer 
some  protection  from  insect  attack.    If  the  rice  hull  is  hard  and  dry, 
it  is  more  difficult  for  insects  to  attack  the  grain  kernels.    Many  farmers 
store  their  grain  without  threshing  when  they  do  not  have  insecticides/ 


Improvement  iri  Traditional  Methods 

It  is  very  important  to  have  a  clean  and  waterproof  building  for  storing 
the  grain.    If  the  farmer  is  choosing  a  site  for  a  new  building,  the 
buildings  should  be  placed  as  far  away  as  possible  from  grain  standing  In 
the  fields.    This  helps  protect  against  insects  flying  from  the  field  to 
the  storage  area.    The  grain  storage  place  should  not  be  built  near 
places  where  animals  are  kept:  certain  insects  found  near  aninuils  and 
their  food  also  attack  stored  grains. 


Storage  Crib  Grain  in  the  Field 


Infested  Maize 
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Most  farmers  know  that  Insects  are  a  problem,  and  will  not  have  to  be 
convinced*    Or  perhaps  It  Is  better  to  say  that  some  fanners  may  need  to 
be  shown  how  Insects  Infest  grain;  they  must  be  convinced  that  there  Is 
really  something  they  can  do  about  insects.    For  a  fanner  who  has  . 
looked  upon  insects  In  his  grain  as  a  part  of  his  life  for  years,  the  / 
biggest  forward  step  he  will  take  is  realizing  that  there  Is  something  / 
he  can  do  about  the  problem* 

There  are  some  easy  ways  to  show  how  insects  can  be  kept  out  of  grain* 
You  probably  use  them  in  your  work*    Here  is  one  way: 

*  Take  several  small  bags  of  grain,  each  of  which  Is 
clean  and  free  of  insects* 

Place  one  bag  near  the  animal  grain 

Place  one  bag  beside  grain  that  has  been  In 
storage  a  long  time 

*  Place  one  bag  in  a  clean,  cool,  dry  corner  away  from 
other  grain*    Make  sure  this  bag  is  not  placed  directly 
on  the  floor  and  keep  it  away  from  the  walls*  / 

Insects  will,  of  course,  attack  all  these  bags  of  grain*   What  will  be 
interesting  is  how  long  it  takes  for  the  infestation  to  develop  In  each 
bag,  and  how  much  damage  occurs  in  a  given  period  af  time*    It  should 
take  longer  for  the  infestation  to  develop  In  the  clean  grain  stored 
away  from  other  grains*  / 

/ 

Also,  if  you  want  to  use  the  same  demonstration  to  show  how  an  improved 
storage  method  protects  against  insects,  place/insect-free  grain,  equal 
to  the  amount  in  the  other  bags,  in  a  small  plastic  bag*    Seal  the  bag 
tightly  and  put  it  next  to  bags  of  grain  which  have  been  in  storage  for 
some  time*    All  of  the  other  bags  will  have/insects  In  them;  this 
one  will  not* 

/ 

/ 

Following  here  is  a  checklist  of  steps  which  can  be  taken  to  control 
insects  without  using  insecticides*    In /fact,  these  rules  for  cleaning 
and  storing  only  dry  grain  should  be  fallowed  even  If  Insecticide  Is 
used*    Insecticides  will  not  provide  protection  unless  they  are  given 
the  right  conditions  In  which  to  work/   Perhaps  you  will  be  able  to  adapt 
this  checklist  to  fit  your  situation  and  use  It  as  you  work  with  fanners* 
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CONTROLLING  INSECTS  WITHOUT  INSECTICIDES 
A  CHECKLIST 

! 

I 

1 
[ 

Suggestions  for  Use:  Pick  out  the  points  that  will  be  most  useful  to 
fanners  in  your  area.    Translate  and  illustrate  them  as  necessary. 

.    Store  grain  away  from  wet  areas. 

.    Protect  the  stored  grain  from  falling  rain. 

.    Keep  stored  grain  or  grain  containers  out  of  strong 
sunlight.    This  will  keep  the  grain  cooler.  Warm 
grain  will  breed  more  insects. 

.    Place  stored  grain  containers  or  buildings  where  winds 
can  help  cool  the  containers. 

.    Keep  the  stored  grain  as  far  away  from  the  fields  as 
possible.    This  helps  keep  flying  insect  pests  from 
flying  to  the  stored  grain  from  the  fields. 

.    MAKE  SURE  THE  STORAGE  AREA  IS  CLEAN.    SWEEP  ThE  WALLS, 
CEILINGS.  AND  FLOORS  AND  GET  OUT  ALL  DIRT.  OLD  GRAIN, 
AND  DUST  BEFORE  yOU  PUT  NEW  GRAIN  IN. 

.    Make  sure  the  containers  for  the  grain  are  very  clean. 

.    Clean  the  grain  well . 

.    Dry  the  grain  well. 

.    Put  only  whole,  healthy  grains  into  storage.    Do  not  store 
broken  grains. 

.    Place  grain  into  special  containers  which  you  can  seal 
tightly      if  possible. 

.    Do  r/t  place  sacks  of  grain  near  the  walls.    Make  sure 
the  sacks  are  not  placed  directly  on  the  floor.  Moisture 
from  the  ground  will  dampen  the  grain  if  the  sacks  are  . 
left  on  the  floor. 

.    Check  your  grain  often. 

-    Watch  for  flying  beetles  in  the  early  morning  jor  late 
afternoon. 
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.   Watch  for  moths  anytime  of  day. 

.    Shake  a  sack  on  the  floor.    Then  let  it  rest  out  of 
direct  Sunlight  for  a  while.    Then  check  to  see  if 
there  are  any  weevils  on  the  outside  of  t^  sack. 

.    Dump  part  of  the  grain  out  or  take  soine  out  from  the 
middle  of  the  storage  container.  ^ 

.    Put  the  grain  through  a  sieve. 

- '  t- 
.    If  a  large  number  of  insects  is  present*  dump  all  the 

grain  out  on  a  tray  or  plastic  sheet  under  a  hot  sun. 

Do  not  put  the  grain  directly  on  the  ground. 

.    Or  Put  all  the  grain  through  a  sieve  and  remove  the 
insects.    Burn  the  insects  so  they  can  not  return  to 
the  grain. 

.    Mix  grain  with  sand  and  ash  when  you  put  it  into  the 
storage  containers.    Sand  and  ash  damage  the  insects' 
bodies,  and  they  die, 

.    Store  unthreshed  grain  on  raised  wooden  platforms  and 
build  small  smoky  fires  underneath.    The  heat  and  smoke 
\       from  the  fire  help  drive  the  Insects  away. 

\  .    Plan  for  storing  the  next  crop.    If  you  continue  to 
\      have  trouble  with  insects,  see  If  there  is  a  storage 
\     method  which  might  be  better.    Also,  find  someone  who 
\    knows  how  to  use  insecticide  and  get  advice  on  your 
problem. 


\ 
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INSECT  CONTROL  WITH  INSECTICIDES 


Insecticides  are  poisons  used  for^Jcilling 
insects.    But  insecticides  also  can  kill  or 
hurt  humans  and  animals  if  they  are  not. used 
correctly,    Ose  only  recommended  insecti- 
cides on  clean>  dry  grain.  Insecticides 
must  always  be  used  with  care. 

Most  farmers  know  something  about 
insecticides.    But  often  they  are  not 
aware  of  exactly  what  Insecticides 
should  be  used  for  or  of  the 
differences  among  insecticides. 

Fanners  may  use  insecticides  without  knowing  how  to  apply  the  insecti- 
cide they  are  using  or  on  what  materials  that  insecticide  can  be  used. 
Some  insecticides  are  safer  than  others;  some  insecticides  can  poison 
grain  as  well  as  insects.    The  danger^  in  insecticide  use  is  that  farmers 
do  not  have  enough  information  about  insecticides  to  use  them  correctly 
for  their  type  of  grain  and  their  storage  situation.    For  example > 
many  fanners  around  the  world  call  all  insecticides^  DDT,    They  are  likely 
to  go  to  market^  pick  up  some  DOT  powder*  and  sprinkle  ii  around* 

This  section  of  the  manual/presents  information  on  insecticides  in  a 
form  which  should  help  you  provide  farmers  in  your  area  with  the  infor- 
mation they  need  to  use  insecticides  appropriately  and  safely. 

The  use  of  insecticides  cannot  be  separated  from  the  kind  of  storage 
container  and  the  purpose  for  which  the  grain  will  be  used.  Some 
-  insecticides  can  be  used  on  grain  for  seed>  but  cannot  be  used  on  grain 
for  food.    Some  insecticides  can  be  used  for  treating  both  kin^ds  of  grain. 
The  following  is  a  basic  discussion  of  types  and  kinds  of  insecticides 
used  in  grain  storage  work.    These  insecticides  also  are  discussed  in 
the  section  on  storage  methods/  . 


TYPES  OF  INSECTICIDES 


Many  different  poisons  kill  insects.    But  there  is  a  much  smaller 
number  of  poisons  (insecticides)  which  are  useful  in  grain  storage  work. 
Some  insecticides  are  made  from  parts  of  plants.    Pyrethrum  is  an  example 
of  this  type.    Some,  such  as  Cyanide^  are  inorganic  chemicals;  others  are 
man-made  organic  chemicals  .such  as  Malathlon  and  BHC. 
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The  insecticides  available  to  farmers  to  use  for  ^rain  storage  purposes 
are  of  two  Tnajor  types  —  contact  chemicals  and  fumigant  gases.  These 
insecticides  <:an  be  bought  in  a  number  of  forms  (formulations);  they  are 
applied  differently  depending  upon  the  type  of  grafn  and  the  type  of 
storAge. 

Contact  Chemicals.    Thesp  are  the  contact  poisons:  the  insect  must 
actually  get  these  insecticides  on  its  body.    The  contact  chemicals  are 
available  in  the  following  formulations: 

Dusts , 

These  contain  a  low  concentration  of  insecticide  mixed  with  powder. 
This  makes  them  safer  to  handle  than  some  of  the  other  formulations 
available.    Dusts  also: 

.    are  ready  to  use. 

.    must  be  kept  dry  or  they  will  not  mix  evenly*  and  the 
insecticide  will  not  work  as  long. 

.    used  on  floors*  flat;  surfaces*  and  around  the  bottc»ns 
of  storige  containers,  particularly  sacks,  to  control 
crawling  insects. 

.    may  be  mixed  with  grain  at  the  time  of  storage.  Use 
only  those  dusts*  for  example,  Malathion  and  Lindanej 
recommended  for  this  purpose. 

lettable  Powders  (Oispersible  Powders) 

These  contain  a  high  concentration  of  insecticide,   lettable  powders: 
must  be  mixed  with  water  before  they  can  be  used* 
.    require  careful  mixing. 

.    are  used  to  spray  outside  surfaces  of  sacked  grain, 
storage  containers*or  buildings. 

.    are  never  used  directly  on  grain. 

can  be  applied  with  simple  sprayers  which  can  be 
purchased  or  made. 

Emulsion  Concentrates 

These  are  liquid  concentrates  which: 

.   must  be  mixed  with  water  before  they  can  be  used. 
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•    contain  a  high  amount  of  insecticide  mixed  with 
other  ingredients, 

need  special  equipment  to  apply. 

.    are  more  difficult  for  fanners  to  use. 

Emulsions  of  pyrethrum  or  Malathion  are  available,'  and  the  directions 
for  mixing  are  usually  given  on  the  labels  of  the  containers.  But 
fanners  should  know  of  the  need  for  special  equipment  to  apply  these, 
so  that  they  do  not  spend  their  money  on  a  formulation  of  insecticide 
which  they  will  not  be  able  to  use. 

-^_Qther  Forrns^    These  are  liquid  concentrates  and  powders  which  must  be 
used  with  special  equipment.    These  formulations  are  used  with  fogging 
machines  and  smoke  generators;  they  are  not  appropriate  for  use  by  most 
farmers. 

REMEMBER:    It  is  important  for  the  farmer  to  know  which  formulations  ' 
are  available  in  his  area,  which  of  these  formulations  he  can  use, 
which  he  should  not  usei  and  how  they  should  be  applied. 

Fumigants 

The  second  major  category  of  insecticides  is  the 
fumigants.  Fumigants  are  gases.  Fumigants  have 
several  advantages  as  an  insect  control  method: 

.    Gas  can  enter  all  the  Cracks  In  ^i^jt*  :e 
buildings  to  kill  insects  hiding  there. 

,    Gas  can  get  between  the  tightly  packed 
grains  in  storage  and,  in  most  cases i 
can  kill  larval  stages  within  the  kernels* 

*    Gas  does  not  leave  marks  on  the  grain  as 
some  insecticides  do. 

But  farmers  should  also  know  that  there  are  problems  involved  in  using 
fumigants: 

.    The  choice  of  fumigant__xs  very  important.    Fumigants  are 
extremely  dangerous  to  mani  but  some  are  easier  and  safer 
to  use  than  others.   A  fumigant  must  be  chosen  which  will 
not  leave  poison  in  the  grain  and  which  is  relatively  safe 
for  the  farmer  to  use, 

MOST  FUMIGANTS  ARE  SAFE  ONLY  WHEN  USED  BY  A  SKILLED  OPER^TOR 


Damg-er/ 
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.    Fumigants  kill  only  insects  which  are  already  in  the 
grair>.    They  do  not  protect  grain  from  new  attacks..^  

,    Fumigants  must  be  used  in  airtight  containers.    If  the 
farmer  Is  storing  his  grain  in  jute  sacks,  he  will  have 
to  find  an  oil  drum,  or  some  other  container  which  can 
be  made  airtight  before  he  can  fumigate  his  grain.  Or 
he  must  be  able  to  cover  his  grain  sacks  with  heavy 
plastic  and  fumigate  in  this  way. 

-    Fumigation  may  hurt  the  ability  of  seeds  to  germinate. 

Fumigants  are  available  in  the  following  forms; 

Sotid  Fum^anXi.     These  fumigants  are  in  tablet  or  packet  or  pellet 
form.    The  active  chemical  is  Aluminum 
Phosphide.    The  tablets  release 
Phosphine  gas  when  moisture  touches 
them.    Fortunately,  the  tablets  take 
about  three  hours  to  release  enough 
poison  gas  to  kill  a  person,  so  the 
person  who  follows  the  rules  for 
fumigation  carefully  can  use  these 
tablets  safely.    The  fumigant  is 
sold  under  the  trade  names  Phostoxin» 
Detia,  and  Celphos. 

LiquAd  Fum^attti  a>id  Lovo  Rfiting 
PoifU  Ga^tt,    Some  of  these  are 
Carbon  Tetrachloride,  Ethylene 
bichloride.    Ethylene  Dibromide^ 
and  Methyl  Bromide.    They  are  all 
dangerous  to  apply  and  must  be  applied 
by  trained  people  wearing  full  protective 
clothing*    Do  not  recommend  these  formulations  to  farmers  for  individual 
use.    W9rn  very  strongly  against  them.    They  can  kill  people,  if  used 
incorrectly. 

The  number  of  insecticides  which  can  .be  used  on  stored  grain  products 
is  really  not  large.    Knowledge  of  these  insecticides  is  important  to 
the  farmer.    And  he  must  have  enough  information  about  the  insecticide 
and  its  use  so  that  he  can  use  it  safely. 

Information  on  using  insecticides  with  stored  grain  is  included  in  the 
storage  section  of  this  manual  (Section  7). 
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SOME  CLOSING  NOTES 


In  more  and  more  places  around  the  world*  farmers  are  able  to  find  and 
buy  some  of  the  newer  formulations  for  insect  control.    Here  are  two 
examples  of  insecticides  which  may  be  useful  to  control  flying  insects 
in  the  home  or  farm  shed,  though  they  are  of  no  value  in  stored  grain. 

Vapona  Pest  Strip      This  strip  is  hung 
from  the  ceiling.    It  contains  the  insecti- 
cide Dichlorvos^which  is  released  slowly 
into  the  air  over  a  period  of  some  weeks, 

BAYGON      This  is  a  trade  name  given  to  an 
aerosol  spray  formulation  being  seen  in  more 
and  more  places.    This  spray  is  hahdy  to  use 
and  is  effective  for  spraying  storage  build- 
ings. 

These  formulations  are  not  dangerous  when  used  correctly*    But  .they  can 
be  harmful  when  used  without  proper  directions*    BAYGON,  for  example, 
must  not  be  used  by  a  farmer  to  spray  the  flies  that  land  on  his  food. 

It  is  a  good  idea  for  you  to  know  which  formulations  are  available  in 
yc.r  area  and  are  likely  to  be  picked  up  by  farmers  looking  for  insecti- 
cides*   Often  these  formulations  are  brought  in  from  other  countries, 
and  the  containers  are  written  in  another  language:  even  a  farmer  who  can 
read  his  own  language  will  not  be  able  to  read  the  instructions  and 
warnings  on  the  can.    If  you  keep  In  touch  with  the  insecticides  that  are 
available,  you  can  prepare  insecticide-use  directions  in  your  own 
language  (s),  or  in  picture  language  which  would  give  uses  and  non-uses 
without  words.  ^ 

Hiojtoxin 

FUMIGAIMT 

The  following  pages  contain  information  on  some  of  the  more  important 
grain  storage  insecticides*    Each  insecticide  is  listed  on  a  separate 
page  so  that  you  can  remove  material  on  those  most  available  in  your  area 
Perhaps  you  can  use  the  information  to  put  together  a  short  leaflet  on 
insecticide  use  to  hand  out  to  farmers.    This  is  a  good  way  to  Introduce 
and  encourage  appropriate  and  safe  use  of  insecticides. 

Also  included  here  are: 

.    Recommended  dosages  and  insecticides  for  use  with  grain, 
on  storage  buildings,  etc. 

.    A  sample  of  methods  for  applying  insecticide. 

.    A  checklist  on  when  to  use  insecticides  and  on  how  to 
use  them  safely. 
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hibi'cit  -46- 


A  list  of  steps  to  take  if  a  person  is  poisoned  by 
insecticide. 


The  appendices  to  this  manual  contain  a  selection  of  leaflets  that  h4ve 
been  used,  or  are  being  used,  by  development  workers  in  various  parts  of 
the  world.    Perhaps  they  will  give  you  ideas  on  how  best  to  combine 
material  from  this  manual  with  knowledge  of  your  area  and  farmer  neeci. 
Additional  information  about  insecticides  and  their  applications  which 
is  of  interest  to  you,  but  not  necessarily  to  the  farmer,  is^  included  in 
Appendix  C- 
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INSECTICIDE  INFORMATION  SHEET 

MALATHION 


OTHER  NAMES: 
iYPE; 

FORMULATIONS: 

WARNING: 

CONTROLS; 


USE  TO: 


Ma1aphos«  Malathon,  Malphos,  Cythion,  Emmatos, 
Carbophos,  Hercaptolhion 

Contact  Chemical 

Emulsion  Concentrate,  Wettable  Powder,  Dust* 
Granules,  Aerosol »  Baits 

ONE  OF  THE  SAFEST  INSECTICIDES  FOR  MAN  TO  USE. 

00  NOT  USE  OR  PUT  IN  METAL  CONTAINERS  SUCH  AS  IRON. 

Aphids,  Elites,  flies,  leaf  hoppers,  mealy  bugs,  x 
Japanese  beetles,  corn  earworms,  ants,  spiders 
and  many  others.    Some  special  grain  storage  notes 
about  Mai athion; 

-    works  well  against  Saw-Toothed  Grain  Beetle, 
Rice  and  Granary  Weevils. 

.    does  not  work  against  the  Red  Flour  Beet^le  in 
some  areas. 

.    does  not  control  adult  moths  and  mites  as  well 
as  BHC. 

MIX  WITH  GRAIN.    Apply  as  a  dust  to  grain  when  it  goes 
into  storage.    Use  125  grams  of  Premium  Gr^de  Malathion 
1,0%  Oust  per  100kg.    It  should  be  used  only  with  very 
dry  grain. *^Malathion  does  not  work  well  in  wet  or 
moldy  grain. 

SPRAY  OR  BRUSH  ON  BUILOINGS^    It  is  unstable  on 
cement  or  whitewashed  walls. 

DUST  interior  surfaces  in  contact  with  grain. 


183 


iMCCt^  -49- 


INSECTICIDE  INFORMATION  SHEET 

PYRETHRUM 


OTHER  NAMES : 
TYPE: 

FORMULATIONS: 
WARNING: 

CONTROLS ; 

USE  TO: 


Pyrethrum  is  used  with  piperonyl  butoxide 
Contact  Chemical 


Sprays  and  Dusts 

IT  IS  NOT  DANGEROUS  TO  MAN,  AND  IT  CAN  BE  USED  NEAR 
FOOD.    BUT  IT  CAN  CAUSE  ALLERGIES  IN  SOME  PEOPLE. 

All  grain  storage  insects.  They  are  not  resistant  to 
it, 

SPRAY  STORAGE  AREAS,  It  is  a  good  insect  repellant, 
and  controls  moths* 


MIX  DUST  DIRECTLY  WITH  GRAIN  GOING  INTO  STORAGE, 


NOTE:    It  costs  a  lot,    Pyrethrum  is  a  natural  insecticide*    It  is 
made  from  the  heads  of  a  certain  kind  of  flower.    It  repells 
Insects,  but  its  power  does  not  last  long  and  breaks  down  in 
oxygen,  water,  or  light.    This  is  why  piperonyl  butoxide  or 
another  stabilizer  is  added  to  the  pyrethrum. 


if 
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iNSECTfCIDE  INFORMATION  SHEET 

LINDANE 


OTHER  NAMES: 
TYPE: 

formulations; 

WARNING: 


CONTROLS : 


USE  TO: 


Garmexane,  Isotox,  Gamma ,  Renesan,  OKO,  BHC  (extremely 
similar  but  not  the  same) 

Contact  Chemical 

Dust,  Wettable  Powder 

NOT  IMMEDIATELY  DANGEROUS  TO  MAN,  BUT,  IF  YOU  TOUCH  IT 
OFTEN,  YOUR  BODY  KEEPS  THE  POISON  INSIDE.    IF  YOUR  BODY 
HOLDS  TOO  MUCH  POISON,  SICKNESS  CAN  RESULT.  ALWAYS 
READ  THE  INSTRUCTIONS  ON  THE  CONTAINER,  AND  USE  LINDANE 
CORRECTLY. 

REMEMBER: 

.    DO  NOT  APPLY  TO  CROPS  FOR  FOOD  WITHIN  30  DAYS 
AFTER  HARVEST.  ■ 

.    IT  IS  POISON  TO  FISH  AND  HONEY  BEES. 

.    DO  NOT  USE  ON  CHICKENS  OR  CHICKEN  HOUSES. 

Aphids,  lygus  bugS,  grasshoppers*  roaches,  mange 
mites,  termites.    It  is  very  good  against  weevils  which 
have  developed  resistance  to  BHC  and  against  cne  aauit 
stage  of  the  Angoumois  Grain  Moth. 

TREAT  YOUR  SEED  FOR  PLANTING.    Use  11 3g    to  454g 
to  treat  the  seed  required  to  plant  25  acres.  Store 
treated  seed  below  21*C  and  use  within  three  months  of 
treatment.    Dosage  should  not  go  above  2.5   ppm  cn  cob 
maize  and  above  5  ppm  on  unthreshed  sorghum. 

DUST  on  unshelled  groundnuts;  unthreshed  sorghum,  bags 
of  maize,  wheat,  rice,  maize  in  cribs.  ' 

SPRAY  STORAGE  AREAS. 
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INSECTICIDE  INFORMATION  SHEET 

DICHLORVOS 


OTHER  NAMES. 
TYPE: 

FORMULATIONS; 
WARNING: 


CONTROLS: 
USE  TO: 


ODVP,  Vapona 

Contact  Chemical  and  Fumlgant 
Spray,  Pest  Strip 

CAN  BE  DANGEROUS  TO  PEOPLE  AND  ANIMALS  IF  NOT 
HANDLED  CORRECTLY. 

HANDLE  PEST  STRIP  WITH  GLOVES. 

DO  NOT  LET  PEST  STRIP  TOUCH  FO. 

Moths,  beetles.  It  1s  very  poisonous  to  flying  moths 
In  a  tight  building,  but  kills  beetles  more  slowly. 

SPRAY  STORAGE  PLACES  to  kill  flying  Insects.  It 
does  not  last  long. 

Provide  control  of  flying  Insects  by  hanging  the 
VAPONA  PEST  STRir.    The  strips  give  off  poison  for 
about  3  months  (depending  upon  climate). 
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INSECTICIDE  INFORMATION  SHEET 

DDT 


OTHER  NAMES:     Chlorophenothene,  Accotox,  Anofex,  Neocid,  NeocidoU 
Pentachlorin,  Sillortox. 

TYPE:  Contact  Chemical,  long-lasting. 

v~~FDRMOPn'I0NS:    Emulsion  Concentrate,  an  aerosol,  granules,  dusts, 
'  It  is  also  sold  mixed  with  other  pesticides. 

WARNING:  .    DDT  IS  NOT  IMMEDIATELY  DANGEROUS  TO  MAN.  BUT 

SINCE  THIS  POISON  DOES  STAY  ON  THINGS  FOR  A  LONG 
TIME,  THERE  IS  SOME  CONCERN  ABOUT  WHETHER  DDT 
CAN  HURT  PEOPLE  WHO  USE  IT  VERY  OFTEN  AND  FOR 
A  LONG  TIME.  USE  IT  CAREFULLY. 

.  DO  NOT  USE  NEAR  FOOD. 

.  DO  NOT  USE  TO  DUST  SACKS  OF  STORED  GRAIN. 

.  DO  NOT  USE  WHEN  THE  TEMPERATURE  IS  OVER  gO*F. 

.  DO  NOT  USE  ON  DAIRY  ANIMALS  OR  IN  DAIRY  BUILDINGS. 


.    DO  NOT  STORE  IN  IRON  CONTAINERS. 

.    DO  NOT  USF  TO  DUST  iNSir    OF  GRAIN  STORAGE  CON- 
TAINERS. 

CONTROLS'.         Codling  moths,  flea  beetles,  leaf  hoppers,  corn  earworms, 
corn  borers,  thrips,  flies,  mosquitoes,  leaf  miners, 
Japanese  beetles,  spittle  bugs>and  others.    It  works 
well  against  beetles,  in  some  areas,  but  in  other  places 
beetles  have  developed  resistance, 

USE  TO:  PROTECT  YOUR  STORAGE  BUILDING  against  insect  attack. 

Apply  the  DDT  either  by  spraying  or  painting  it  on 
with  a  brush.    Repeat  the  treatment  every  six  to 
eight  weeks. 


NOTE:    DDT  no  longer  works  against  some  insects. 
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INSECTICIDE  INFORMATION  SHEET 

BHC 


Benzene  Hexachlorlde.  hch>  hoch 

Contact  Chemical,  lasts  a  long  time. 

Emulsion  Concentrate.  Wettable  Powder.  Dust  and. Smoke, 
Sometimes  it  is  sold  mixed  with  other  pesticides. 

SAFE  TO  USE  IN  THE  CORRECT  DOSAGES.    READ  DIRECTIONS 
CAREFULLY.    NEVER  USE  MORE  THAN  THE  DIRECTIONS  SAY 
TO  USE. 

.    DO  NOT  USE  ON  OR  NEAR  CATTLE  OR  PLACES  WHERE 
CATTLE  LIVE. 

.    DO  NOT  FEED  TREATED  FORAGE  OR  CROPS  TO 
LIVESTOCK. 

.    DO  NOT  USE  ON  ROOT  CRDPS.    IN  MANY  FRUITS  AND 
VEGETABLES.  BHC  CAUSES  A  FUNNY  TASTE  TO  DEVELOP. 
ROOT  CROPS  ABSORB  AND  l-iOLD  THE  FLAVOR.    TOO  MUCH 
BHC  CAN  HURT  GERMINATION.  AND  SEED  GROWTH. 

.    DO  NOT  STORE  NEAR  ANY  PRODUCE  THAT  WILL  ABSORB 
THE  SMELL  OF  THE  INSECTICIDE. 

.    IT  IS  POISON  TO  FISH  AND  HONEY  BEES. 

Grasshoppers,  ticks,  chiggers.  aphids,  lygusbugs, 
spittle  bugs,  thrips.  fleabeet;les,  leafhoppers, 
armywoms,  wire  worms,  flies,  mosquitos,  ants, 
termitesjand  others. 

..E  TO:  SPRAY  OR  DUST  THE  INSIDE  AND  OUTSIDE  OF  GRAIN  STORAGE 

buildings!    Keep  animals  away  while  you  are  working 
with  BHC. 

MIX  WITH  SEED  that  is  going  to  be  used  for  planting. 
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OTHER  NAMES: 
TYPE: 

FORMULATIONS: 
WARNING: 


CONTROLS; 
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INSECTICIDE  INFORMATION  SHEET 

DIELDRIN 


OTHER  NAMES:  HEOO 

TYPE:  Contact  Insecticide, 

FORMULATIONS:    Emulsion  Concentrate  (EC),  Wettable  Powder  {WP)»  . 
Dust,  and  Granules. 

WARNING:  DO  NOT  TOUCH.    IT  CAN  BE  ABSORBED  THROUGH  THE^IN. 

IT  IS  EXTREMELY  DANGEROUS  TO  MAN  IF  NOT  USED  CORRECTLY. 

.    DO  NOT  APPLY  DIRECTLY  TO  ANIMALS  OR  LET  ANIMALS 
EAT  TREATED  CROPS. 

.    DO  NOT  DUMP  EXTRA  SOLUTION  INTO  LAKES»  STREAMS, 
OR  PONDS.    IT  WILL  KILL  nSH.    PEOPLE  WHO  EAT 
THESE  FISH  WILL  GET  VERY  SICK. 

.    IT  IS  POISON  TO  BEES. 

.    DO  NOT  USE  TO  TREAT  GRAIN  OR  ANY  PRODUCT  TO 
BE  USED  FOR  FOOD,  ANIMAL  FEED,  OR  OIL  PURPOSES. 

USE  TO:  Protect  storage  buildings  against  insect  attack-. 
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INSECTICIDE  INFORMATION  SHEET 

PHOSTOXIN 


OTHER  NAMES:  Celphos,  Detia,  D&Ucia,  Phosphlne 

TYPE:  Funiigant  ^ 

FORMULATIONS:  Pellets,  tabletSior  packets 

WARNING:  VERY  DANGEROUS. 

.    THESE  TABLETS  GIVE  OFF  A  GAS  WHICH  CAN 
KILL  A  MAN  IN  A  FEW  MINUTES. 

.    THIS  INSECTICIDE  MUST  ONLY  BE  USED  IN 
AIRTIGHT  SITUATION  OR  CONTAINERS. 

.  TALK  TO  SOMEONE  WriO  KNOWS  HOW  TO  USE 
PHOSTOXIN  IF  YOU  HAVE  NOT  USEO  THIS 
FUMIGANT  BEFORE. 

Weevils*  gralii  beetles*  gf^in  borers*  flour 
beetles*  cadelle*  flour  moths*  grain  moths 
and  others. 

Fumigate  grain  in  airtight  conditiorvs> 
Fumigation  must  continue  for  at  lea^t  72 
hours.    This  poison  kills  the  1n,sects  pre* 
sent  in  the  grain*  but  does  not  protect  the 
grain  frqm  attack  again.  ^ 


CONTROLS: 
USE  TO: 
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RECOmENDED  INSECTICIDES  AND  DOSAGES 


FDR  MIXING  DIRECTLY  WITH  FOOD-GRAINS: 


Malathion  —  120  grains  of  1.0X  Dust  for  each  200kgs  of  grain. 

Lindane     —  120  grams  of  lO.U  Dust  for 'each  200kgs  of  grain,' 

Pyrethrum  —  120  grams  of  0.2X  pyrethrins  plus  1 ,0X  piperonyl 
butoxide.    Dust  for.  each  200kg  of  grain. 


FOR  MIXING  pIRECTLY  WITH  SEED-GRAINS:, 

It  is  possible  to  usejnore  insectjclde  on  grain  Ho  be  used  only  for  seed 
than  can  be  used  pn  grain  for  food.    If  there  is 'any  chance  the  grain 
win  be  used  for  food,  use  only  the  Ha1ath1on>  Lindane^or  Pyrethrum  at 
the  dosage,  reconn'efided  for  food  grafru  ~ 

If  the  fartner  is  certain  the  grain  will  be  used  for  seed. he  can  use: 

halathibh>  Lindan'e^or  Pyrethrum  *-  2  to  5  times  more 
Pust  than  can  be  used  for  food  grain.  ^ 

DDT'--  lOD  grams  of  3  or  S%  DOT  Dust  for  each  lODkg 
6f  grain • 


IMPORTANT:  1  Ther^e  may  be  other  insecticides  Available  in  your  area 
^  which  can  be  used  for  grain^storage  worfc.   Make  sure 
you  know  what  these  insecticides  are  anid  how  to  use 
them* 
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RECOMMENDED'INSECTICIDES  AMD  DOSAGES  (Continued) 


FOR  SPRAYING  STORAGE  BUILDINGS: 


Note  before  spraying: 


Always  clean  the  billlding  before  spraying. 

Disperslble  Powders^DP)  are  better  than  Emulsion 
Concentrates  (EC)  for  spraying  on  cement,  brick, 
stone^or  whitewashed  surfaces. 


'Malathlon 
-Lindane  — 
ODT  


Mix  400  grams  of  25%  DP  or  200  milliliters 
of  50%  EC  in  5  liters  of  water. 

Mix  200  grams  of  50%  DP  or  500  milliliters 
of  20%  EC  In  5  liters  of  water. 

Is  sometimes  used  to  spray  bulldlngfs.  It 
muSt  never  be  used  directly  on  foofil. 

Lindane/ODT-  Mix  100  grams  of  Lindane  50%  DP  and  200  grams 
of  ODT  50%  DP  in  5  liters  of  water. 

OR 

I  ■ 

Mix  250CC  of  Lindane  20%  EC  and  400cc 
of  DOT  25%  EC  in  5  liters  of  water. 

AH  of  these  dosage$  will  spray  100  sq.m.  If  a  larger  area  must  be  spray- 
ed, mix  mc     insect'icide.    Reapply  the  spray  as  needed. 


IMPORTANT:    There  may  be  othsr  insecticides  available  In  your'ar«a 
which  can  be, used  for  grain-storage  work.   Make  sure  . 
/         you  know  what  tho^e  insecticides  are  and  how  to  use 
;  thtem. 
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APPLYING  INSECTICIDES 


Using  a  Sack 
To  Dust  Insecticide 


Thts  type  of 
«PPltc«tor 
can  be  made 
from  any  Ittnd 
□f  container 
with  a  ltd 
which  comes  off 
and  on>    If  ustng 
tt  for  Hqufds> 
punch  ttny  holes 
in  the  ltd.  If 
ustng  to  apply 
tnsectlctde  dUsts 
make  the  holes 
somewhat  larger. 


TWO  TYPES  or 
/HAND-HELD 
SPRAYERS 


mxIMG  GRAIN  AND  INSECTICIDE 
WITH  A  SHOVEL 


A  compressed  air  sprayer 
with  plunger  handpump 


Plungor-typc  duster-- 
^oo\.%  like  a  bicycle  pump 


DOO'  tpr  Uring  and 


A  DRUM  FOR  HlXiNG 
GRAIN  AND  INSECTICIDE 
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NOTE  TO  DEVELOPMENT  WORKERS  ON  APPLYING  INSECTICIDES 


Many  fanners  in  your  area  will  have  trouble  following  directions  for 
measuring  correct  dosages  of  insecticides.  This  is  true  because  the 
directions  often  require  exact  weight  measures. 

Therefore*  it  is  a  good  idea  fcr  you  to  figure  out  a  simple  measure 
which  fanners  can  use  for  their  storage  containers.    For  example: 

.    1-1/2  matchboxes  of  insecticide  for  each  standard- 
size  area  basket  granary 

.    1  empty  sardine  can  of  Insecticide  for  each  metal 

bin. 

These  are  only  examples*  of  course.    You  should  figure  out  the  dosage 
depending  upon  the  kind  of  insecticide,  the  types  of  measures  (match- 
boxes»  tin  cans*  etc.)  farmers  are  likely  to  have*  and  on  the  kinds  of 
storage  container  most  used  in  your  area. 
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CONTROLLING  INSECTS  BY  USING  INSECTICIDE 
A  CHECKLIST 

Suggestions  for  Use:    Pick  out  the  points  that  will  be  most  useful  to 
farmers  in  your  area.    Ti'anslate  and  illus::rate  them  as  necessary.  Add 
the  names  and  dosages  of  those  insecticides  most  likely  to  be  used  by 
farmers  in  the  area. 

Insecticides  are  poisons  used  for  killing  insects.    There  are  many  types 
of  insecticides.    Some  insecticides  can  be  added  directly  to  grain; 
others  may  be  sprayed  around  grain  storage  areas  or  on  the  outside  of  the 
containers,  but  should  never  be  placed  directly  on  the  grain.  Some 
insecticides  are  liquids;  some  insecticides  are  powders^    Some  insec- 
ticides are  gases  which  you  use  by  adding  them  to  the  grain,  sealing  the 
container  up  tight^and  letting  the  fumes  of  the  poison  gas  kill  the 
insects  in  the  grain. 

Never  use  an  insecticide  until  you  are  sure  you  know  how  it  should  be 
used  and  all  the  rules  for  applying  it. 

Insecticides  are  not  magic.    They  should  be  used  with  clean,  dry  grain 
in  good  storage  conditions  if  they  are  to  work  well. 

To  use  insecticides  effectively  for  storage, you  should; 

.    Find  out  which  insecticide  to  use  for  each  purpose* 

Know  how  to  use  and  handle  insecticides  properly. 

,    Have  good  storage  buildings  and  containers* 

.    Spray  the  walls  of  the  storage  building  to  kill  insects 
hiding  in  cracks  ir  the  ceiling  and  floor* 

.    Oust  the  storage  containers  in  and  out  with  the  appropriate 
insecticide. 

Mix  insecticide  into  the  grain  befbre  putting  the  grain 
into  storage*    To  do  this,  you  can  put  the  grain  in  a 
pile  in  a  place  protected  from  wind.    Add  the  right 
insect  poison  from  a  tin  can  with  holes  punched  in  the 
top.    Turn  the  grain  over  and  over  with  a  shovel  to  mix 
the  poison  with  the  grain.    IMPORTANT:    BE  CAREFUL  TO 
USE  THE  CORRECT  INSECTICIDE*    IF  YOU  ARE  NOT  CERTAIN  IT 
IS  CORRECT,  ASK  YOUR  EXTENSION  AGENT* 

-    Check  the  grain  after  It  has  been  in  storage  for  some  time* 
You  may  have  to  add  more  insecticide.    Poisons  only  remain 
dangerous  to  insects  for  a  period  of  time* 
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To  use  insecticides  safely  you  must: 

•  Read  the  directions  on  insecticide  containers  carefully. 
It  will  give  you  correct  ways  to  use  the  insecticide  and 
tell  you  what  to  do  in  case  of  an  accident. 

,  Make  sure  the  mixture  is  correct  for  its  purpose.  Using 
a  wrong  insecticide  can  poison  the  grain. 

.    Do  not  use  more  than  the  recommended  dose. 

Mear  rubber  gloves  when  using  insecticide. 

•  Wash  your  hands  with  a  lot  of  running  water  after  you 
use  insecticide.    Do  this  right  away  if  your  hands 
touch  the  poison- 

Take  off  any  clothing  that  has  torched  the  poison. 
.    Do  not  eat,  drink,  or  smoke  while  you  are  using  poison. 

•  Label  poison  containers  so  that  you  know  what  is  inside, 
,    Keep  containers  away  from  children  and  animals. 

,    Bury  or  burn  all  empty  insecticide  containers. 
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HELPING  SOMEONE  WHO  HAS  BEEN  POISONED  BY 


INSECTICIDE 


HEADACHE 

NAUSEA 

DIZZINESS 


WEAKNESS 
SWEATING 
VOMITING 


These  are  signs  of  poisoning. 

2.    IF:    The  person  feels  sick  while  using  an  insecticide  or  soon 
afterward 

THEN:  Get  the  poisoned  person  to  the  doctor  as  soon  as  possible. 

Find  the  insecticide  container  or  label  so  the  doctor  will  know 
which  insecticide  poisoned  the  person. 

3..  IF:    The  person  swallowed  a  poison 


he  can't  see  a  doctor  right  away 

THEN:    Mix  a  tablespoonful  of  salt  in  a  glass  of  warm  water 
and  make  the  victim  vomit.    Or  stick  your  finger  down 
the  person's  throat.   Make  him  vomitl 

Make  the  victim  lie  down.  Keep  him  wanrit  and  do  not 
let  him  move  until  you  can  get  him  to  the  doctor. 


4.    IF:    The  person  spilled  a  insecticide  concentrate  or  oil  solution 
on  his  skin  or  clothing,  get  the  clothing  off  and  wash  the 
skin  with  soap  and  plenty  of  water. 

THEN:    Get  him  to  the  doctor  as  soon  as  possible. 


and  if 


he  IS  awake 


and 
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5.    IF:   The  person  is  overcome  by  breathing  the  gs^es  of  a  fumlgant. 
THEN:    ACT  QUICKLY! 

Get  the  victim  outdoors  or  to  a  room  free  of  gas. 
Lay  victim  on  the  ground. 
.    Give  artificial  respiration  If  needed. 

Call  a  doctor  as  soon  as  you  can.    People  using  fumlgants  should  have 
kits  which  contain  treatment  for  poisoning  by  the  fumlgant  which  is 
being  used. 

IMPORTANT:    ALWAYS  TRY  TO  GET  THE  VICTIM  TO  A  DOCTOR  QUICKLY. 

ALWAYS  HAVE  THE  INSECTICIDE  CONTAINER  READY  TO  SHOW 
THE  DOCTOR.    TREATMENT  OFTEN  DEPENDS  UPON  THE  TYPE 
OF  INSECTICIDE  THAT  POISONED  THE  PERSON. 
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PC/VITA  GRAIN 
STORAGE  MANUAL 

SECTION  6/ PART  2  ' 

ENEMIES  OF  STORED  GRAIN 
PART  2:  RODENTS 

Rodents  in  many  countries  are  healthy  enough  to  provide  a  meat  source  for 
humans.  In  many  cases>  this  is  because  tl^y  feed  so  well  on  the  fanners' 
grain. 

Rodents  cfamage  crops  in  the  fields  and  in  storage.    They  can  eat  a  lot  of 
grain.    They  make  the  stored  grain  dirty  while  they  are  eating  it.  They 
damage  buildings,  storage  containers*  and  many  other  things  on  the  farm. 

Rodents  also  c^*rry  diseases  which  people  can  catch  from  eatin9  and  handling 
grains  the  rodents  have  contaminated  (made  dirty). 

There  are         kinds  of  rodents,  but  rats  and  mice  do  the  most  damage  to 
stored  grai  n. 


STORED  GRAIN  RODENTS 


The  type  of  rat  and  muse 
may  differ  depending  upon 
the  country  or  the  area. 
But,  in  maiiy  parts  of 
the  world>  there  are 
three  important  rodents 
,wh1ch  can  be  found  moving 
from  house  to  fields  to 
storage  looking  for  food> 
water,  and  good  living 
conditions.    These  thr^^e 
are: 

Rattus  ftorvegicus 

Also  called  Sewer  Rat,  Norway  Rat>  Common  Rat, or  Brown  Rat,    This  is  the 
largest  ot  the  three.    The  adult  rat  weighs  about  330  grams  and  is  very 
strong.    It  actively  looks  for  grain  in  the  fie^d  and  in  storage.    It  also 
burrows  into  and  near  farm  buildings.    Called  a  brown  rat,  it  may  also  be 
black.    It  has  a  blunt  nose. 
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Rattus  Rattus 

Also  called  Roof  Rat,  Ship  Rat.  Black  Ration  Alexandrine  Rat,    This  rat 
weighs  about  250  grams  when  fully  grown.    It  has  a  long  tail  and  a 
pointed  nose.    These  rats  can  be  brown^  9rey>  blacky  or  light  brown* 
These  rats  like  to  cl  imb  more  than  they  like  to  dig.    They  can  climb 
outer  walls  of  concrete,  perpendicular  pipes,  wires,  and  trees.  In 
many  areas,  Rattus  Rattus  Is  the  most  dangerous  stored  grain  rodent. 


MuS  Muscul JS  * 

This  is  the  well-known  house  mouse.    It  weighs  only  16  grams.    It  has  a 
long  tail  and  pointed  nose.    Mice  are  usually  brown-grey  in  color.  Most 
famers  are  so  used  to  seeing  mice  around  that  they  may  not  be  aware  of 
the  damage  mice  can  cause  until  the  mice  have  multiplied  into  great  numbers. 
Mice  eat  a  lot  of  grain.    Also,  because  they  usually  eat  only  part  of  the 
whole  grain,  mice  ruin  even  more  grain  than  they  eat. 


Rats  and  m'^ce  have  big  familier^.    Most  of  the  young  rodents  die  before 
they  are  grown.    But  the  adults  reproduce  so  quickly  that  it  does  not  take 
long  for  rats  and  mice  to  become  a  big  problem  for  a  fanner. 
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HABITS  AND  CHARACTERISTICS  OF  STORED  GRAIN  RODENTS 


Fortunately,  if  the  farmer  understands 
how  rats  and  mice  11ve»  and  if. he  knows 
what  rodents  will  and  will  not  do,  there 
are  many  things  he  can  do  to  fight  rodents. 
Here  are  some  important  things  to  know 
about  rodents: 


,  Rats  and  mice  usually  do  the  same  things  every  day  at  the 
same  time.    They  are  njost  active  from  sunset  until  about 
midnight.    They  also  move  around  at  certain  other  hours 
during  the  day  and  night/   If  grain  is  stored  in  a  dark, 
cool  place,  they  will  go  in  at  any  time  of  day. 

.  Rodents  always  go  the  same  way*  When  a  rodent  is  going 
from  his  nest  to  eat  grain  from  storage,  he  always  goes 
by  the  same  path.  He  chooses  his  paths  so  that  he  will 
be  running  beside  walls  or  stacks*  He  remains  behind 
things  (out  of  sight)  as  much  as  possible!  If  the  food 
is  out  in  an  open  space,  the  rodent  runs  out,  grabs  it, 
and  runs  back  to  his  oath. 

.  Rodents  stay  away  from  new  things.    If  a  farmer  places 
food  on  a  rodent  path,  some  rodents  will  not  eat  it  because 
it  was  not  there  before.    After  it  has  been  there  for  some 
time,  and  the  rodent  is  u^ed  to  seeing  it,  he  will  eat  it, 

.  Ffodents  can  climb.    Rats  and  mice  can  climb  any  straight 
up-arid-down  surface  on  which  they  can  find  places  for  their 
toenails.    Vines,  drainpipes,  and  wires  are  good  runways  for 
rats  and  mice.    Rats  can  reach  about  32cm  up  a  wall  and  can 
do  a  standing  jump  of  almost  60cm.    They  can  do  a  running 
jump  as  high  as  90cm.    Even  a  mouse  can  do  a  running  jump 
of  60cm. 

•  Rodents  can  swim.    They  are  not  afraid  of  water.    They  look 
for  drains  under  water.    Piping  systems  underground  are  often 
travel  led  by  rats . 

.  Some  rats  can  dig.    Rats  and  mice  live  close  to  food  and  water. 
The  roof  rat  likes  to  nest  in  ceilings,  but  the  Norway  rat  digs 

\ 
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under  the  ground.    Rats  d1^  down  along  a  wall.    If  something 
blocks  the  digging,  they  stop.    They  do  not  go  around  the 
thing  which  is  in  the  way-  . 

,  Rodents  must  use  their  teeth-    The  front  teeth  grow  until  the 
rodent  dies.  '  The  teeth  wi 1 1  grow  10-I2cm  d  year.    Rats  must 
gnaw  things  all  the  time  to  keep  wearing  their  teeth  down - 

-  Rodents  like  some  foodfi  more  than  others.    Some  of  the  foods 
they  like  are  meat,  grain*  eggs,  and  potatoes. 

* 

.  Rodents  use  their  boly  hairs  and  whiskers  to  touch  with.  They 
do  not  see  as  welt  as  humans  do,  and  they  cannot  see  colors - 
They  hear  very  well*    They  can  smell  other  rats;    they  Can 
recnqni-'p  certain  rats  by  smelling  the  pathways  and  burrows. 

,  Rats  and  mice  always  Can  be  found  near  man.    There  have  been 
large  programs  to  kiH  rats  and  get  them  out  of  certain  areas* 
But  the  rats  always  return.    It  is  not  likely  that  a  fanner 
will  be  able  to  free  his  farm  of  rats  completely.    But  he  can 
and  should  control  the  numbers  of  rats  and  mice  that  live  on 
his  farm  and  eat  his  grain. 


FINDING  RODENTS  ON  THE  FARM 


A  fanner  must  know  where  rats  are  before  he  can  fight  them.    And  there  are 
things  a  farmer  can  look  for  which  will  tell  him  where  rodents  are  living 
and  show  him  their  pathways  end  homes. 


HpleSt  Nests*  and  Burrows 

Rodent  holes  are  usually  found  outside  houses  and  buildings.    These  holes 
also  appear  inside  in  soft  foundations  or  earth  floors.    To  see  if  a  hole 
is  being  used  all  the  time,  the  fanner  can  block  it  lightly  with  a  piece 
of  earth.    If  the  earth  has  been  moved,  the  fanner  will  know  the  hole  is 
being  used.    Holes  tin  use  are  free  of  dust  and  spider  webs.    They  look 
used. 

Mouse  holes  (2.5cin  in  diameter)  are  smaller  than  rat  holes  {7*5cm)  and 
also  are  found  inside  and  outside. 

Rodent  nests  also  can  be  found  outside  and  inside.    Outside,  nexts  are  often 
made  of  grass  or  leaves  and  are  located  near  garbage  and  rubbish  piles* 
Inside,,  nests  arc  made  of  paper*  dry  hay,  straw*  shredded  cloth,  and  so  on* 
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Norway  rats  like  to  live  in  the  ground.    Their  burrows  (underground  nests) 
c^n  be  found  along  the  outside  walls  of  buildings  and  in  dirl;  basements* 
Some  of  the  burfows^  are  away  from  buildings  in  brushy  bushes^  and  piles 
of  dirt.    Often  these  burrows  are  joined  under  the  ground. 

Runways  and  Siti^earS 

Rodents  use  the  safne  paths,    So^  after  a  number  of  days  of  using  the  same 
path  outside,    its  make  tr^ails  in  the  grass*    Search  ft/ir  these  paths  in 
areas  whero  the  running  ?at  would  fee-  most  protected.    On  dirt»  the  runway 
may  appear, as  a  clejj-swept  oath  5.7,5cm  wide. 

S,ometimes  a  runway  which  is  used  often  is  marked  by  a  greasy  smear  from  the 
oil  dnd  the  dirt  that  rats  and  mice  have  on  their  bodies.    Check  for  these 
smears  around  gnawed  holes,  along  pipes»  on  edges  of  stairs,  along  walls 
or  other  places  a^rodent  might  run. 

Mouse  runways  are  harder  to  find  because  they  are  smaller. 
Footorints  and  Tail  Marks 


These  are  found  when  rodents  have  been  running  over  dusty  or  wet  places. 
Some  farmers  will  find  tracks  an  the  surface  of  grain  sacks.    Rat  tracks 

are.  large:  the  back  foot  of  the  Norway  rat  can  leave  a  print  37rTin  long. 
Mouse  footprints  are  much  smaller  and  harder  to  find. 

Droppings  ^  , 


,         .  -  n^^r-Oiv-r  HOUSE 

NORWAY  RflT  ROOF  RAT  /iouse: 


Each  kind  of  rodent  drop^  a  different  shape  of  feces  from  his  body.  The 
farmer  should  check  for  droppings  near  runways*  holes*  corners^  food*  and 
other  places  he  feels  rodents  would  go* 

New  droppings  often  are  shiny  and  wet*look1ng.    The  color  is,  usually  black« 
but  changes  depending  upon  what  the  animal  eats.    The  number  of  the  droppings 
can  give  some  idea  of  how  many  rodents  are  eating  the  grain.    It  is  wise 
for  the  fantief  to  think  in  terms  of  more  rodents  than  droppings.  Some 
droppings  may  b^  eaten  by  inserts,  and  some  rodents  will  run  by  without 
leaving  droppings. 
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Pamage  and  Gnaw  Harks 

Rats  dnd  mice  must  use  their  teeth  all  the  time. 
The  farmer  should  check  for  gnaw  martcs  on  his 
buildings  and  produce/  Also,  if  he  stores  in 
sactcs»  he  must  check  the  center  of  his  sacked 
storage 


Smell 

Rats  and  mice  leave  a  smell  in  the  room  and  in  the  grain, 
obvious  sign  that  rodents  are  present. 


It  is  a  very 


CONTROLLING  RODENTS  WITHOUT  USING  POISON 


Rats  and  mice'  need  food,  water,  and  places  to  hide.    Rodents  usually  choose 
to  live  where  these  things  are  available  close  together.    They  do  not 
like  to  travel  far  from  home  to  find  food  and  water.    They  like  to  live 
beneath  wooden  floors  near  chicken  houses,  barns,  granaries,  corn-cribs. 
Th^  live  in  piles  of  wood,  lumber,  and  trash,  and  in  straw  hay.  Rodents 
need  room  to  grow  undisturbed. 

Fanners  who  use  their  knowledge  of  rodents*  habits  and  characteristics  can 
fiSht  rodents  by  not  giving  them  food,  water,  and  places  to  live.  Keeping 
cats  and  dogs  to  chase  and  kill  rodents  will  help,  but  not  enough. 


The  three  most  important  things  farmers  can  do  to  control  rats  and  mice 
without  using  poison  are  to  keep  the  stored  grain  area  clean;  to  rodent- 
propf  houses,  storage  bins,  and  sheds  so  that  rodents  cannot  get  into  them; 
and  to  set  out  traps. 
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Keep  the  Farm  and  Storage  Area  as  Clean  as  Possible 

.  Do  not  pile  food  or  trash  around  the  outside 
or  inside  of  farm  buildings. 

.  Bury  or  burn  aM  garbage  and  old  food  away 
from  the  house  or  storage  place. 

.  pface  all  food  items  in  coverec  containers. 

,  Store  grain  sacks  off  the  floor. 

.  Sweep  out  all  dirt,  dust,  straw,  old 
cloth  that  rodents  m'ig^t  nest  and 
hide  1n. 

.  Cover  dirt  floors  with  a  thin  layer  of 
mortar»  if  possible.    This  keeps  rats 
from  digging  up  through  the  floors. 

.  Keep  the  grass  cut  short  around  all 
farm  buildings.    Rodents  like  to 
hide  in  tall  grasses . 

.  Cut  any  tree  limbs  which  touch  windows 
to  keep  rats  from  climbing  the  trees 
and  jumping  in  through  the  windows. 

Rodent-Proofing 

This  simply  me^ns  the  farmer  must  store  his  grain  so  that  the  rats  and 
mice  either  cannot' get  in  or  have  to  work  very  hard  to  do  so. 

.  Construct  granaries  of  mud.    Farmer^  in  some  areas  have  found 
these  are  not  attacked  by  rodents  too  much,  especially  when 
they  are  built  off  the  ground.    In  other  words,  storing  grain 
above  the  ground  helps  keep  rodents  away. 

,   Place  cribs  for  grain  storage,  such  as  the 
one  described  in  this  manual,  at  least  75cm 
above  the  ground      because  rats  can  jump. 
Put  barriers  on  the  legs  of  the  cribs  so 
that  the  rodents  can  not  climb  the  legs. 
These  barriers  are  called  rat  baffles  or 
rat  guards.    Baffles  can  be  made  from  tin 
cans.    The  instructions  for  making  these 
baffles  are  on  a  separate  page  at  the  end 
Qf  this  section. 
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-  Never  place  a  bicycle  or  other  piece  of  equipment  against 
storage  places.    Rodents  use  such  items  as  ladders  to  climb 
into  the  stored  grain. 

.  Build  storage  buildings  or  containers  on  a 
concrete  base  at  least  50cm  high.  The 
floor  should  be  concrete.    If  the  bin  is 
made  of  tin  sheet,  the  sheet  should  be 
fixed  in  concrete.    Fanners  should  place 
sheet  metal  bands  around  mud  or  cement 
silos  to  prevent  rodents  from  climbing. 
Some  mudblock  constructions  use  fired 
bricks  at  the  bottom  levels  because 
rodents  cannot  9naw  through  them. 


.  Make  sure  doors  and  grain  chutes  fit  tightly.    A  wooden  door 
should  have  a  thick  metal  sheet  along  the  bottom  to  stop 
rodents  from  eating  through.    Grain  chutes  sometimes  are 
packed  wi  th  mud . 

.  Cover  all  windows  and  large  openings  with  heavy  wire  netting. 
VJtre  netting  with  an  8mm  mesh  is  a  good  size.    Holes  in  a 
roof  made  of  corrugated  tin  should  be  filled  with  cement 
mortar. 

.  Cover  the  ends  of  any  pipes  which  enter  the  building  where 
grain  is  stored  with  wire  netting. 


Setting  Traps  for  Rats  and  Mice 

Traps  can  be  very  effective  if  correctly  placed  and  used.    They  need  to 
be  regularly  maintained.    They  may  be  used  where  poison  is  hard  to  get. 
Also,  traps  are  much  safer  to  use  very  near  stored  grains  in  houses  and 
storage  buildings.    Rodents  run  out,  get  food,  and  carry  it  back  to 
where  they  are  going  to  eat  it.    They'walk  over  the  poison  and  oick  it 
up  on  their  feet  and  bodies.    Then  they  walk  over  grain  or  food  and  so 
put  poison  on  i t*    So,  for  a  smal 1  farmer  whose  grain  is  not  wel 1 -covered, 
traps  may  be  a  better  way  to  fight  rodents* 

Farmers  in  many  parts  of  the  world  already  use  traps  of  different  kinds. 
One  method  is  to  hang  a  maize  cob  over  a  five-gal  Ion  tin  of  water.  The 
maize  cob  swings  freely.    When  the  rat  reaches  for  it,  he  loses  his  balance 
falls  into  the  water  and  drowns. 
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This  trap  works  if  the  number  of  rodents  is  not  too  great.    A  small-scale 
farmer  can  easily  put  several  water  traps  around  his  storage  area. 

The  best  traps  consist  of  a  base,  a  spring^and  trigger  ard  heavy  wire.  The 
heavy  wire  is  bent  back  and  held  by  a  spring.    The  spring  is  released  when 
a  rodent  steps  on  the  trigger.    The  wire  snaps  down  on  the  rodent.  These 
traps  can  be  made,  but  it  usually  requires  too  much  time  to  make  enough 
traps.  ^ 

On  the  other  hand,  traps  can  be  expensive  if  a  fanner  needs  mny  of  them. 
The  number  of  traps  he  needs  depends  upon  whether  he  is  seeking  to  control 
rodents  in  his  grain  fields,  in  his  storage  area,  in  his  home,  or  in  all 
these  places.    He  can  protect  his  grain  best  by  controlling  rodents  at  all 
these  points.    So  a  farmer  his  to  figure  the  number  and  kind  of  traps  he 
needs.    There  are  a  number  of  kinds  available: 

Snap  Traps  .(Also  Called  Mood  Traps  or  Breakback  Traps).  These  have  a  flat 
wooden  base.    They  kill  with  a  heavy  wire  which  is  puHed  back  by  a  spring. 
When  a  rat  or  mouse  touches  the  trigger,  the  wire  comes  down  over  the  rat, 
breaking  its  back. 


Snap  traps  come  In  a  number  of  sizes;.    The  trap  for  a  rat  should  be  about 
9  X  22cm,    The  traps  for  mice  need  to  be  only  5  x  10cm.    Some  fanners 
place  pieces  of  food  (bait)  in  these  traps  to  attract  mice  and  rats. 

Putting  food  in  the  traps  is  not  necessary  if  the  fanner  places  the  trap 
In  a  rat  runway. 

Steel  Traps.    These  traps  have  a  base  with  a  trigger  and  two  steel  jaws. 
Mhen  a  rat  steps  on  the  platform  and  releases  the  trigger,  the  jaws  snap 
together-    A  steel  trap  with  9cm  jaws  is  good  for  rats.    The  problem  with 
steel  traps  is  that  rats  usually  do  not  die,  but  are  caught.    This  means 
the  farmer  must  kill  the  rat  himself. 
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Tunnel,  Box,  and  Cage  Traps.  These  do  not  use  bait.    They  are  placed  in 
runways  and  other  places  where  the  rats  and  mice  go.    Only  rats  and  mice 
can  enter  these  traps.    And  they  cannot  get  out- 
After  the  fanner  has  an  idea  of  how  many  of  which  traps  he  needs,  he  must 
figure  the  cost  of  traps.    Points  he  should  consider: 

.  Buying  the  traps  requires  money.    How  much  would  it  cost 
to  buy  al  1  the  traps? 

.  Traps  can  be  used  over  again.  ^ 

.  Traps  can  be  repaired  and  do  not  have  to  be  replaced 
often . 

,  It  takes  time  to  bait,  set,  empty,  and  re-set  traps. 
And  this  must  be  done  often,  especially  if  the  trap  has 
fQod  in  it.    Rodents  do  not  like  old  or  moldy  food. 
Doing  all  this  takes  a  lot  of  time, 

,  How  much  would  it  cost  to  put  poison  out  instead  of  traps? 
Are  the  right  poisons  available?    Putting  out  poison  re- 
quires making  special  boxes  to  hold  the  poison,  buying 
the  poison^  setting  it  out,  etc.    Would  it  be  cheaper  to 
use  poison?    Would  it  be  easier? 

.  If  there  are  a  lot  of  rodents  to  control,  would  it  be 
cheaper  for  the  fanner  to  use  a  combination  of  traps  and 
poison?    Traps  could  be  placed  in  areas,  such  as  the  house, 
where  poisons  are  not  a  good  idea.    Poison  could  be  used 
in  the  fields  and  other  areas  where  rodents  are  appear- 
ing in  great  numbers.    After  many  rats  are  poisoned,  traps 
can  be  set  to  provide  continuing  control. 

If  traps  are  to  be  part  of  the  farmer's  rodent  control  program,  there  are 
certain  things  he  must  know  about  traps: 
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Sizc  and  Condition       tkz  TKap 

*  Mice  can  take  the  food  from  a  rat  trap  without  getting 
caught.    It  is  important  to  place  mouse-size  traps  where 
there  are  signs  of  mice  and  rat-size  traps  where  rats  are 
runni  ng. 

.  Snap  traps  nan  be  used  without  bait  if  the  platform  or 
base  is  made  larger  so  that  the  rat  releases  the  trigger 
by  simply  stepping  on  the  platform. 


Make  the  trap  bigger  by  fastening  a  4cm-square  piece  of 
thin  metal,  screen,  or  cardboard  to  the' trigger  of 
the  bait  holder. 

.  Traps  should  be  kept  clean^^o  they  will  work  well. 

.  If  a  lot  of  bait  is  being  taken,  and  rats  and  mice  are 
not  being  caught,  the  trap  probably  needs  fixing. 
Check  for  bent  or  rusted  triggers,  weak  springs,  or 
loose  wires. 

Snap  traps  often  are  used  with  bait  to  encourage  the  rat  to  come  to 
the  trap. 

,  Bait  may  be  any  food  rats  like  to  eat, 

.  Use  a  piece  of  food  about  the  size  of  the  end  of  a  man's 
finger.  "  ^ 

,  Make  sure  the  bait  is  fastened  down  very  well.    If  the 
bait  is  not  held  down  well,  the  rat  will  steal  the  bait 
and  run  away. 
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.  Food  baits  should  be  changed  every  three  days.    Rats  do 
not  like  old  food.    Change  from  One  kind  o1^  bait  to 
another. 


Here  is  where  the  knowledga^of  rodent  habits  becomes  very  useful. 
Farmers  will  usually  catch  niost  rodents  the  first  night.  There- 
fore^  put  out  enough  traps.    Not  every  trap  will  catch  a  rat; 
the  farmer  should  expect  this.    The  farmer  should: 

.  Place  haited  traps  very  near  the  rodent  runways  he  has 

found- 

.  Place  traps  near  the  walls  at  right  angles  to  the  wall. 
The  trigger  end  should  be  nearest  the  wall  so  that  the 
trdp  will  attract  a  rodent  running  frOm  either  direction. 

,  Cover  the  traps  with  straw,  dust,or  other  material  which 
hides  all  of  the  trap  except  for  the  bait.    This  is  done 
cnly  when  there  is  no  dang*?r  that  people  and  animals 
wi 1 1  step  on  the  trap . 

.  Set  the  base  of  the  tr^p  right  into  the  floor  if  the  floor 
is  dirt. 

.  Pldce  baited  traps  near  holes,  nests,  and  burrows.    If  the 
ar>;a  is  one  wfiere  people  or  animals  are  likely  to  go,  the 
fanner,  should  Put  a  cover  over  the  trap  so  that  it  will 
be  <vy<iilable  to  nothing  but  rats  and  mice. 

.  Place  unb.iited  traps  or  expanded-trigger  traps  right  in 
the  rodent  runways.    Boards  or  boxes  can  be  placed  beside 
and  behind  the  traps  to  guide  rodents  into  them.  Traps 
are  also  placed  in  burrows,  hoi e  openings,  and  corners. 
For  roof  rats  and  mice,  also  place  traps  on  shelves, 
beam?;,  pipe<;>  and  other  high  places 

Many  farmers  will  decia'j  that  the  best  control  program  for  them 
will  use  all  nf  the  nietnods  discussed  abOve»  plus  poison,  to  kill 
the  rodents. 
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CONTROLLING  RATS  WITH  POISON 


Using  poisons  to  control  rodents  is  cheap, 
in  most  places,  and  effective. 

BUT  RODENTICIDES  (POISONS  WHICH  KILL  RATS 
AND  MICE)  CAN  POISON  HUMANS  AND  OTHER 
ANIMALS  AS  WELL.    IT  IS  VERY  IMPORTANT, 
THEREFORE,  THAT  FARMERS  KNOW  WHICH 
POISONS  TO  USE  AND  HOW  TO  USE  THEM, 

There  are  two  kinds  of  poison  used  for 
killing  rodeivts;...ax:iJie_BQj5ons  and 
a^iticoagulant  poisons. 


Acute  Poisons 

These  are  also  called  single-dose  poisons.    Rodents  need  to  eat  only  a 
few  mouthfuls  of  this  poison-    Death  occuri>  quickly      usually  within  a 
half  hour. 

The  most  common  of  the  acute  poisons  are  zinc  phosphide,  arsenious  oxide, 
and  sodium  f 1 uoroacetate  (also  called  1080).    Some  tropical  countries  are 
also  using  thallium  sulphate,  yellow  phosphorous,  aluminum  phosphide, 
calcium  cyanide,  strychnine,  Horbomide,  Eastrix,  and  Antu,    Some  of 
these  are  only  good  for  mice,  some  for  rats.    This  manaal  discusses  only 
some  of  the  most  common  poisons  effective  against  grain  storage  rodents. 
If  one  of  the  other  poisons  mentioned  is  being  made  available  to  fanners 
in  your  arear^>WJ-4?iight^epare  inforriation  sheets  on. the  proper  use  of 
that  poison      such  as  the  oojes  attached  to  the  end  of  this  section. 


Anticoagulant  Poisons 

These  poisons  must  be  eaten  by  rodents  for  a  number  of  days  before  death 
occurs.    They  are  used  at  a  low  dosage.    In  other  words,  there  is  only  a 
little  mixed  in  with  the  food  each  day.    These  poisons  cause  rodents  to 
bleed  inside  their  bodies  and  die. 
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The  best  known  anticoagulant  poison  is  Warfarin.    Others  are  Coumatetralyl 
(Racumin),  Chlorophacinone,  Rival,  Fumarin,  PMP,  Diphacinone,  Rodafarin 
(India). 


Choosing  a  Poison 

The  kind  of  rodent  is  important  when  choosing  a  poison.    What  kills  one 
kind  of  rat  may  not  kill  another  kind.    The  farmer  should  be  able  to 
recognize  which  types  of  rodent  are  attacking  his  stored  grain.  There 
are  some  poisons  which  can  kill  a  number  of  types.    Each  of  the  major  ones 
mentioned  in  this  manual  will  control  Norway  rats,  roof  rats,  and  mice. 

The  farmer  has  to  decide  whether  to  use  an  acute  poison  or  an  anti- 
coagulant.   Acute  poisons  kill  more  rodents  and  kill  them  quickly.  But 
many  of  the  rodents  will  not  feed.    And  these  rodents  will  not  eat  the 
poison  bait  that  killed  the  other  rodents  if  the  bait  is  left  in  the 
same  places.    Acute  poisons  are  also  more  dangerous  for  farmers  to  use. 


Anticoagulants  are  added  to  food  and  the  rat  must  eat  the  food  for  about 
5  days  at  a  time.    These  poisons  have  no  taste  and  no  smell*    The  rodents 
do  not  know  they  are  being  poisoned,  and  this  is  an  advantage.  They 
continue  to  eat  the  poisoned  foodf-    It  takes  a  lot  of  poison,  a  lot  of 
bait,  and  "a  lot  of  time  to  use  anticoagulants  well.    This  may  be  a  dis- 
advantage for  some  farmers.    But  anticoagulants  are  much  Safer  for  farmers 
to  use.    And  safety  is  an  important  factor  to  weigh  when  using  poison. 


Prepari  ng  Bai  t 


Poison  is  mixed  with  foods  rodents  like  (bait). 
The  bait  and  poison  mixture  must  look  good  to 
rodents  so  that  they  will  eat  the  poisoned 
bait  instead  of  the  stored  grain. 
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A  cereal  bait  often  is  used.    Cereals  for  bait  must  be  kept  free  of 
insects.    The  cereal  should  be  in  fine-  or  medium-size  pieces.  Warfarin 
IS  usually  used  at  0.005%  to  0.05%  (the  amount  of  Warfarin  contained  in 
the  bait  mixture).    Above  0.05%  the  rats  can  taste  the  poison  and  will 
not  eat  the  bait. 


Anticoagulant  poisons  are  often  sold  in  master  mix  form.    This  master 
mix  includes  an  ingredient  which  helps  the  poison  mix  in  better  with 
the  bait. 


Here  are  directions  for  mixing  baits; 

Dry  Anticoagulant  Baits.  To  make  lOkgs  of  Warfarin  or  Coumatetralyl  ready- 
to-use  bait: 


.  Mix  9.5kg  of  dry  ground  meal  (19  parts  by  weight)  of  oats, 
wheat,  or  any  cereal  grain  with  0.5kg  of  master  mix  (1  part 
by  weight) . 

Oily  Anticoagulant  BaUs>     These  baits  are  used  instead  of  dry  baits  in 
wet  places,  and  in  places  where  the  bait  will  stay  for  some  time.  The 
cereal  does  not  have  tc  be  as  fine  as  for  dry  bait.    Rats  like  the  bait 
when  it  has  sugar,  molasses^  or  some  sweet  food  in  it. 

•  Mix  (by  weight):    17  parts  cereal 

1  part  sugar 

1  part  Warfarin  Master  Mix 
.  Stir  well^  so  all  dry  ingredients  are  mixed. 

•  Add  one  part  (by  weight)  oil       liquid  paraffin  or 

white  oil. 

.  Stir  until  the  bait  is  evenly  mixed. 

.    .  This  makes  a  total  mixture  of  19  parts  of  bait  (cereal, 
sugar,  and  oil)  to  1  part  of  poison.    If  rodents  still 
prefer  to  eat  the  stored  grain,  change  from  oily  bait 
to  damp  bait. 

( 
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Qamp  Bait,  Rodents  like  damp  baits,  but  these  baits  dry  out  puickly. 
Damp  baits  are  usually  used  with  acute  poisons.    There  are  several  ways 
of  making  damp  bait:  ^ 

1,  ijCct  Ce^ea£.    Soak  cereal  grai^hs  overnight  (wheat,  sorghum, 
etc.)  in  water.    Drain  the  water  off  just  before  use. 

Add  correct  amount  of  poison.    The  directions  for  the 
amount  of  poison  are  given  on  the  containers,    IF  THERE 
ARE  NO  OIRECTIONS  FOR  USE,  00  NOfr  USE  THE  POISON. 

2,  Oojnp,  Coojite  Cexmi.  Soak  (by  weight)  2  parts  cereal 
in  1  part  water  for  1  hour.  Stir  several  times.  Add 
poison  and  use, 

3,  ti-taui  Mcihli.  Soak  old  tread  in  water.  Drain  off  extra 
water.  Pound  wet  bread  to  a  paste.  Mix  in  poison  and 
use. 

Liquid  Bai  t.    These  are  useful  in  dry  situations.    Rats  living  in  stored 
grain  areas  have  to  go  looking  for  water.    Other  sources  of  water  should 
be  rBTioved  as  much  as  possible.    Liquid  baits  then  are  placed  as  drinking 
water . 

Liquid  baits  are  simply  poisons  dissolved  in  water. 
They  may  be  acute  or  anticoagulant  types  of  poison. 
Sodium  f luoroacetate.  Warfarin,  and  Pival  all  are 
used  in  making  liquid  baits. 

Liquid  baits,  however,  lose  their  power  in  two  or 
three  days  in  warm  weather. 


Placing  Baits 

There  must  be  plenty  of  bait  stations. 
Bait  must  t^e  placed  in  runways,  near 
holes,  burrows,  and  nests.  Farmers 
should  reiriember  when  placing  bait 
that  rodents  stay  close  to  home.  Rats 
usually  travel  in  an  area  of  about 
45ni*ancl  nice  Stay  within 'a  Qm'^area, 

Placing^  AciTtFl'oisons,    Herels  olieTiettRj?lT~^~  — ~   — 

.  Prepare  lOcm  x  lOcm  square  papers,  banana  leaves>or  like 
material , 

,  Place  poisoned  food  in  the  middle  at  one  end. 
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.  Roll  up  the  paper  and  twist  the  ends. 
.  One  pound  of  bait  makes  80  or  90  doses. 

*  Throw  the  paper  packets  into  places  where  it  Is  Impossible 
to  place  traps      into  holes  and  burrows*  between  wa11s» 
etc. 

NEVER  PLACE  THESE  PACKETS  WHERE  CHlLOREN  AND  PETS  CAN  GET 
THEM. 

Another  method  of  placlng^ait: 

.  Cover  the  floor  with  small  pieces  or  teaspoonsful  of  bait 
containing  an  acute  poison, 

•  Collect  and  destroy  the  bait  after  24  hours.    Do  not  recom- 
ment  this  method  to  farmers  who  do  not  have  separate  grain 
storage  buildings:  it  is  far  too  dangerous  to  leave  poison 
bait  sitting  around  on  the  floors  and  grounds  belonging 

to  a  smal 1  farmer . 

Placing  Anticoagulant  Poisons.   These  poisons  are  probably  the  best  ones  . 
for  you  to  recommend  to  fanners.    They  must  be  used  carefully.   But  they 
are  relatively  easy  to  use* 

It  Is  important  to  keep  enough  bait  out  for  a  long  enough  period  of  time. 
Keep  bait  out  al  least  two  weeks.  Each  pile  of  bait  should  be  200-250cm» 
and  each  should  be  laid  in  the  places  where  signs  of  rodents  have  been  found. 

.  Place  the  bait  In  empty  shallow  tins»  on  ends  cut  off  from 
tin  cans»  In  pipes  and  pieces  of  bamboo.    The  bait  can  be 
placed  directly  on  the  ground*  but  It  may  get  wet  and  moldy. 


Construct  bait  boxes  and  use  them 
and  boards,  pipes,  or  cans  in 
certain  places  to  hide  the  bait 
from  other  animals  to  keep 
baits  from  getting  wet. 


.  Put  the  bait  in  places  wher-e  signs 
of  rodents  have  been  found. 

.  Check  the  bait  sta^'tions  every  day  to  make  sure  there  is 
enough  bai  t  > 

-  Smooth  the  bait  so  that  next  time  he  checks  he  will  be  able 
to  see  signs  of  feeding. 

.  Change  moldy  or  insect-infested  baits  for  new  ones. 

.  Move  the  bait  station  to  another  place  if  the  bait  is 
not  being  eaten. 


Other  materials  on  rodent  control  follow: 

.  Information  sheets  on  major  rodent  poisons.    Use  these  as 
guides  to  preparing  materials  for  use  with  rodenticides 
available  in  your  area., 

.  Instruction  sheet  for  making  rat  baffles. 

.  Scripts  for  a  series  of  illustrated  leaflets  on  rat  con- 
trol, including  an  example  of  how  an  artist  can  turn  these 
scripts  into  very  effective  information  through  use 
of  illustrations. 
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TYPE:  Anticoagulant  rat  poison.,.*^* 

FORMULATIONS:       .    Ready-to-use  bait. 

.   Powder  concentrate.    The  total  of  Warfarin 

In  the  concentrate  Is  only  0.5%  of  the  ^ 
whole.   Mix  1  part  of  the  powder  concentrate 
to  19  parts  of  bait.   This  glves^a  bait 
which  contains  0.025%  Warfarin. 

.   Powders  to  dissolve  In  water.   This  makes 
a  liquid  for  use  as  poisoned  drinking 
water  or  making  making  wet  bait. 

.    Ousts.   These  contain  }%  Warfarin.  This 
can  be  sprinkled  on  surfaces  where  rats 
run. 

.  Wax  rat  blocks.   These  are  blocks  of  wheat 
held  together  by  wax.    The  poison  Is  mixed 
in  the  wheat.   The  block  Is  placed  where  rats 
will  nibble  at  It. 

These  formulations  are  easy  to  use.  But  they  should  be  used  with  great 
care. 

WARNING:  ALL  POISONS  ARE  DANGEROUS'.'. 

.    Follow  directions  for  use  given  on  the  poison 
container. 

.    Do  not  eat,  drink,  or  smoke  when  using  poison. 
Wash  your  hands  very  well  after  using  poison. 


Put  poison  containers  away  out  of  the  reach  of 
children. 


NOTE:    If  someone  swallows  Warfarin,  make  him  vomit.   To  make  someone 
vomit      stick  your  fingers  down  his  throat  or  make  him  drink 
warm  water  with  salt  In  It.    Vomiting  empties  the  stomach,  ^et 
the  poisoned  person  to  a  doctor  as  soon  as  you  can. 
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OTHER  NAMES; 
TYPE: 

FDRMULATIDN: 


USES: 
WARNING: 


COUMATETRALYL 

Racumin 

Anticoagulant  rat  poison, 
,    Ready-to-use  bait  (D-DS'O- 

.    Mix  containing  DJS%.    Dilute  1  part  mix 

to  19  parts  of  bait-    Final  concentrate  0-37'>, 

-  Dust  (DJ5%).    Place  on  surfaces  where  rats 
run  -  ' 

Use  as  you  would  use  Warfarin. 

ALL  PDISDNS  ARE  DANGERDUS, 

.  If  you  are  not  sure  which  poison  to  use, 
ask  someone  who  knows  how  to  use  .poisons 
correctly, 

-  Read  all  directions  carefully- 

,    Do  not  eat,  drink,  oV  smoke  when  handling 
poiso'n, 


KEEP  AWAY  FRDM  CHILDREN 


WASH  YDUR  HANDS 
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CHLOROPHACINONE 


OTHER  NAMr*" ; 
TYPE: 

FORMULATION; 


WARNING: 


Anticoagulant  poison. 

.    Ready-to-use  bait  (0.005*;). 

Mix  in  oil  (0.25°;).  Dilute  1  part  to  49  parts 
of  bait.    Concentrate  should  be  (0.005°;). 

.    Dusts.    These  contain  2%  Chlorophacinone. 
These  can  be  sprinkled  into  holes  and  runways 
used  by  rats.    Dusts  should  be  sprinkled  for 
20  days. 

ALL  POISONS  ARE  DANGEROUS.. 

.  If  you  are  npt  .suirfe  which  poison  to  use, 
ask  someone  wKo  knows,  how  to  use  poisons 
correctly. 

.    Read  all  directions  carefully. 

.    Do  not  eat,  drink,  or  smoi;e  while  using 
poisons.  ^ 

,    Never  use  these  formulations  near  food. 


KEEP  AWAY  FROM  CHILDREN 


WASH  YOUR  HANDS  AFTER 
USING  POISON 
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SODIUM  MONOFLUOROACETATE 


OTHER  NAMES: 
TYPE: 

FORMULATIONS: 
tJARNING: 


Compound  1080 
Acute  Rat  Poison 

Must  be  used  as  a  liquid.    When  using  the  liquid, 
you  must  obey  all  the  safety  rules  for  handling 
poi  son. 

VERY  DANGEROUS  TO  MAN.    THERE-IS  MO  ANTIDOTE  TO 
THIS  POISON. 

.    Men  and  animals  can  be  killed  or  made  sick  by 
eating  rats  that  have  eaten  this  poison.  The 
powder  form  causes  immediate  death  in  humans 
who  breathe  it.    NEVER  EVEN  Gf'EN  A  CONTAINER 
OF  THE  POWDER. 

-.  Do  not  get  the  poison  on  you  clothes  or  your 
body.  If  you  do,  wash  with  a  lot  of  running 
water. 

Keep  it  away  from  other  people  and  animals. 

.    Burn  or  bury  f»ll  the  tools  and  containers  used 
to  mix  and  hold  the  poison. 

.    USE  RUBBER  GLOVES  AND  WASH  YOUR  HANDS  CAREFULLY 
AFTER  MIXING  THE  POISON. 
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Materials  and  Equipment 


*    1  flat  tin  sheet  {30  gauge,  0.9  x  2m) 


1  pair  tin  shears  or  sharp  chisel 


1  hammer 


RAT  BAFFLES 


Chalk,  charcoaljOr  large  aail  for  drawing  baffles  on  tin  sheet 

25,  4-6cm  nails  (You  will  need  5  nails  for  each  baffle) 

Baffles  should  be  about  SOcm  in  diameter  at  the  narrow  end.  The  size 
will  vary  with  the  size  of  the  leg  which  the  baffle  must  fit, 

.  Hark  out  baffles  on  tin  sheet  with  chalk  or  charcoal  be- 
fore cutting  them  out. 

.  Cut  out  along  the  outside  edges.    Oo  not  cut  the  middle  yet. 

.  Start  with  the  thinnest  leg  first.    Cut  out  the  hole  in  the 
middle  of  the  baffle  little  by  little.    The  baffle  must  fit 
tightly  to  keep  even  the  smallest  rodent  from  climbing 
between  the  baffle  and  the  leg.    If  the  hole  in  the  baffle 
gets  too  big  for  this  leg,  use  it  on  a  fatter  leg. 

.  Nail  the  baffle  tightly  to  a  wooden  leg.    Use  cement  mortar 
to  fasten  the  baffle  to  a  concrete  leC|. 

.  Cut  out  and  fit  all  the  baffles  in  the  same  way. 

.  Make  wooden  legs  round, if  they  are  not  round  already.  Cut 
the  middle  hole  of  the  baffle  to  fit  a  concrete  leg  which 
is  not  round. 


NOTE:    You  can  use  whatever  thin  metal  is  available.    Old  tin  cans  can 
be  cut  and  flattened. 
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Below  is  a  pattern  for  a  rat  guard  to  be  cut  from  a  piece  of  tin  or  a 
flattened  tin  can.    This  piece  is  cut  out  and  bent  to  form  a  cone  with 
a  hole  in  the  center.    It  is  fastened  aroitnd  the  leg  of  the  crib  or 
storage  building  and  attached  to  the  leg  with  nails  or  wire* 
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RAT  CONTROL  SERIES 

SUGGESTED  USES;    This  series  of  scripts  is  a  short  version  of  the  material 
in  the  rodent  section.    The  scripts  could  be  used  as     part  of  a  campaign 
to  alert  farmers  to  the  datnage  rodents  do,  and  to  the  steps  which  can  be 
taken  to  control  rodents. 

The  scripts  have  been  prepared  in  sooe  detail;  you  can  choose  the  points 
which  best  fit  the  situation  In  your  area.    The  points  can  be  translated 
and  pictured  quite  easily.    The  illustrated  material  which  follows  these 
scripts  shows  how  VITA  artist,  Kenneth  Lloyd,  has  used  pictures  to  explain 
many  facts  about  rodents. 


SCRIPT  #  1 
RODENTS  ARE  EVERYWHERE 


Rats  live  in  your  houses. 
.    Rats  live  in  your  fields. 

-  Rats  eat  holes  in  your  buildings. 

-  Rats  eat  food  in  your  houses. 

.    Rats  eat  grain  in  your  storage  places. 

.    Rdts  make  your  food  and  grain  dirty.    They  put  droppings  from  their 
bodies  on  the  grain  while  they  are  eating  It. 

*    Rats  bring  sickness.    They  can  bring  diseases  which  make  people  die. 
They  can  even  kill  sleeping  babies. 

.    Rats  like  to  live  in  storage  places. 

-  Rats  eat  a  lot  of  your  grain  everyday.    There  is  less  grain  for  you 
to  sel  1  and  eat. 

-  You  must  keep  rats  out  of  your  fields.    You  must  keep  rats  out  of  your 
house.    You  must  keep  rats  out  of  your  stored  grain. 

-  Your  extension  worker  can  tell  you  how  to  keep  rats  away  from  your  farm. 

.    R-^member:    Rats  bring  sickness  to  you  and  your  family. 
Rats  steal  food  and  grain. 
Rats  make  your  grain  dirty. 
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Rat  Control  Series 

SCRIPT  #  2 
KflQW  ABOUT  RATS 

^    You  must  know  what  rats  can  do  before  you  can  fight  them. 
Rats  move  fast.   They  are  fast  and  quiet. 

Rats  have  sharp  teeth.   They  can  make  holes  In  wooden  walls  and  trees. 

Rats  can  climb  and  jump. 
.    Rats  can  crawl  on  ropes  and  wires. 

Rats  can  sw1m.   They  are  not  afraid  of  water. 

.    Rats  are  smart.    They  can  stay  away  from  traps.  ^ 

•    Rats  have  large  families.   One  pair  of  rats  can  make  a  family  of  more 
than  1.000  rats  In  a  year. 

Rats  build  nests  In  qulet^dark  places.   They  make  nests  using  straw* 
featherSf  paper,  and  other  pieces  of  trash. 

.    Rats  Mde  around  homes  and  storage  places.    Rats  like  to'  live  near 
food , 

.    5.ome  rats  live  under  the  ground.   They  like  to  live  near  grain  growing 
In  the  field, 

.    Rats  like  to  eat  at  night.    Rats  move  around  at  night. 

Rats  use  the  same  road  every  time  they  make  a  trip. 

.    Rats  find  mny  places  to  hide  on  a  farm.    You  must  look  carefully  to  - 
find  them. 

.    Look  for  nests. 

.    Look  for  trails.    Rats  pack  down  the  plants  in  places  because  they  always 
use  the  same  road, 

.    Look  for  droppings.    New  droppings  are  shiny  and  black.   Old  droppings 
are  gray. 
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^    Look  for  chewed  holes  1n  wooden  walls. 

'    Look  for  dirty,  greasy  marks  at  the  bottom  of  walls  and  doors, 

^    Listen  at  night,    5om*ftiines  you  can  hear  rats  irwving  In  the  roof, 
cooking  place^or  gra^in  storage  place. 

Now  you  know  where  the  rats  ar?*l    Now  you  can  get  the  rats  away. 

Your  extension  worker  can  give  you  information  on  how  to  get  rats 
away  from  your  farm. 
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Rat  Control  Series 

SCRIPT  #3 
FIGHTING  RATS  WITHOUT  POISON 

I 

*    Rats  must  have  food  and  water  to  live, 
.    Rats  like  dirty  places r 

.    Keep  your  home  and  grain  storage  places  CLEAN. 

Make  sure  rats  do  mt  get  food. 

.    Put  old  food  into  a  covered  container  If  you  want  to  use  It  later. 
Do  not  leave  food  on  tables  or  shelves. 

Feed  old  food  to  the  pigs  and  chickens  right  away. 

Bury  garbage.    Or  burn  garbage. 

.    Clean  around  the  outside  of  buildings.    Do  not  leave  piles  of  garbage, 
rags,  paper,  leave%and  cans.    Rats  like  to  hide  in  these  things. 

.    Keep  grass  cut  short, 

.    Cut  tree  branches  that  grow  near  your  home  and  grain  storage  area. 
Remember  rats  can  jump.    They  can  jump  from  the  tree  to  the  building. 

.    Make  sure  rats  cannot  get  under  the  door  of  your  home  or  storage  area. 

.    Put  strips  of  metal  along  the  bottom  of  doors.    Rats  cannot  bite  through 
metal  - 

-    Close  an  holes  In  wooden  buildings  with  metal  sheets  or  flattened  tin 
cans. 

.    Fill  hc^es  In  plaster,  brick^or  mud  walls. 

.    Use  rock  or  concrete  floors.    Rats  can  come  up  through  the  ground  Into 
the  storage  area. 

.    Store  g^^.in  in  covered  containers.    Place  containers  off  the  ground. 

,    Put  metal  bands  around  the  bottom  or  legs  of  grain  containers.  This 
keeps  rats  from  climbing  up  to  the  top. 
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Keep  a  cat  or  dog.    Train  the  animal  to  chase  and  kill  rats. 

You  may  fiave  to  use  rat  poison  also.    Contact  your  extension  worker 

Do  not  use  poison  before  you  talk  to  the  extension  worker.  POISON 
IS  DANGEROUS. 
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Rat  Control  Series 

SCRIPT  #  4 
FIGHTirtG  RATS  WITH  POISON 

.    Clean  your  grain  storage  areas. 

Close  and  rat-proof  all  holes  in  buildings. 

.   Protect  the  storage  containers  and  building  with  metal. 

.   This  stops  new  rats  from  coming  in. 

.   Use  poison  and  traps  to  kill  any  rats  that  are  left. 

.   Talk  to  your  extension  worker  before  you  use  poison.   The  extension 
agent  will  know  which  poison  to  use.   He  will  know  how  to  use  the 
poison.    He  win  know  where  you  can  get  the  poison. 

.   Remember  that  some  rat  poisons  can  kill  other  animals  and  people. 

.   One  poison  kills  rats  quickly.   You  can  kill  many  rats  at  one  time. 

.    Soon  rats  will  not  eat  this  poison.   They  know  this  poison  kills. 

.    Then  you  can  use  another  kind  of  poison.   Rats  must  eat  this  poison  for 
3  days  or  so  before  they  die.   Rats  do  not  know  they  are  dying.  So 
they  win  keep  eating  the  poison. 

.    Some  poison  is  already  mixed  with  food  rats  like  to  eat. 

.   Food  that  rats  like  to  eat  is  called  bait     Bait  can  be  rice*  corn  meal, 
bread. 

.   You  can  mix  this  bait  with  po1$on  yourself.   Ask  your  extension  worker 
how  much  poison  to  mix  with  the  bait. 

.   Add  some  corn  oil*  coconut  oil,  sugar  or  molasses  to  the  bait  and 
poison.   Rats  like  the  taste  very  much. 

.    Try  not  to  touch  the  poison.   Wash  your  hands  when  you  finish  mixing. 

.    Now  make  boxes  and  containers  to  put  the  bait  In.    These  boxes^and  con- 
tainers let  the  rats  in.   Other  animals  and  children  can  not  get  Into 
these  boxes  and  containers. 
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There  are  different  kinds  of  bait  boxes  and  containers. 

.    You  can  put  bait  in  pipes  made  of  bamboo  or  metal. 

Put  bait  i n  tin  cans . 

.    Put  bait  In  small  dishes  made  out  of  bamboo  or  tin  cans.    Put  dishes 
inside  the  bait  boxes  or  bait  containers, 

.    Put  bait  containers  close  to  walls  and  doorways  in  your  storage  area. 

.    Put  poison  containers  near  places  where  rats  run. 

.    Make  bait  containers  to  put  in  your  fields. 

.    Put  these  containers  near  trails  and  rat  holes. 

.    Poison  field  rats  before  the  grain  is  ready.    Rats  will  not  eat  poison 
if  they  can  eat  grain. 

.    Check  all  bait  containers  very  often.    The  poison  bait  must  not  get 
too  old.    Rats  will  not  eat  old  bait* 

.    Remember:    Check  with  your  extension  agent  for  help  with  poison. 
Read  the  words  on  the  poison  box  or  jar. 
Wash  your  hands  after  you  mix  the  bait  with  poison. 
Keep  all  poison  away  from  food.  animals;and  people. 
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Rat  Control  Series 

SCRIPT  #  5 
FIGHTING  RATS  Ul:H  TRAPS 

Your  extension  worker  can  tell  you  which  traps  to  use.    He  can  tell 
you  how  to  use  them. 

It  IS  good  to  use  traps  in  places  where  children  might  go.  Poison 
is  too  dangerous . 

Show  your  family  where  you  are  putting  the  traps. 

.    Show  your  family  how/the  traps  work.    Traps  can  hurt  people. 

You  must  put  food  that  rats  like  in  the  trap.    Try  different  kinds 
until  you  find  a  good  bait.    Try  pieces  of  meat,  dried  fish,  bread. 

Put  traps  near  food  places.    Put  traps  on  top  of  stored  grain.    Do  not 
use  rat  poison  in  these  places. 

Tie  the  traps  down.    Sometimes  rats  run  away  with  traps.    The  traps 
just  catch  the  rats'  noses. 

.  Put  traps  near  rat  trails,  rat  footprints,  rat  holes. 

Move  the  traps  around  every  few  days. 

.  Check  the  traps  every  day*    Make  sure  the  bait  is  stlill  there. 

.  Do  not  touch  dead  rats*    Rats  carr>  disease  and  sickness. 

•  Use  a  stick  or  shovel  to  get  the  rat  out  of  the  trap. 

.  Burn  dead  rats . 

.  Uash  traps  before  using  them  again.    Uash  your  hands. 

.    Reipember:    Ask  your  extension  worker  about  traps  and  how  to  use  them. 

Traps  can  hurt  people  and  animals.    Use  them  carefully." 
Do  not  let  children  play  with  traps. 

Use  traps  near  food  and  grain.    Never  use  poison  in  these  places 
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PC/VITA  GRAIN 
STORAGE  MANUAL 


STORAGE  METHODS 


INTRODUCTION 


Each  farmer  has  some  method  of  storing  his  grain.    Any  improvement  in 
this  storage  method  must  be  made  by  steps  the  farmer  sees  is  the  right 
ones  for  his  situation  or  need.    A  farmer  who  stores  his  grain  in  :acks 
a  corner  of  his  house  may  not  be  ready  to  build  a  cement  silo*  Because 
this  farmer  1s  afraid  that  thieves  will  take  his  grain,  he  may  not  want 
to  build  any  type  of  storage  container  outside  his  house. 
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For  this  farmer,  trying  a  different  drying  method,  or  cleaning  his  storaqe 
bags,  or  improving  a  stacking  arrang^ent,  or  adding  Insecticides  to  sacked 
grain  could  be  a  large,  first  step  toward  Improved  storage* 

If  a'farmer  is  complaining  about  Insects  and  rodents  eating  his  stored 
grain,  you  have  an  opening  to  say,  "Let's  do  something  about  that  problem/* 
But  if  the  farmers  in  your  area  feel,  "It's  always  been  that  way,  and  there 
is  nothing  we  can  do  about  It,"  your  first  job  Is  to  convince  the  farmer 
that  there  Is  something  he  can  do  about  his  problems. 

Only  you  can  Intrcrduce  the  material  from  this  manual  because  you  know  V\e 
area  where  you  work.    Hopefully,  the  earlier  parts  of  this  manual  have 
provided  a  lot  of  helpful  Information  and  material.    If  a  farmer  Is  not 
ready  to  make  Improvements' In  his  storage  method,  perhaps  you  can  find  the 
material  In  thi?  manual  to  put  together  leaflets  which  would  help  show 
what  change  could  do  for  him.    One  convinced  farmer  may  be  all  It  takes 
to  get  things  started, 

Change  only  begins  when  farmers  believe  that  new  Ideas  and  technologies  can 
be  helpful  to  them.    They  rnay  start  out  by  making  only  small  changes  In 
the  method  already  being  used..  But  the  Important  point  Is  that  something 
different  is  being  tried.    Then,  when  the  farmer  sees  an  Improvement  1r 
.  the  quality  of  his  stored  grain,  you  have  an  opening  to  say^  "Now  perhaps 
you  wouM  like  to  try  a  storage  method  that  can  do  even  more  for  you." 
Perhaps  that  Is  the  time  to  suggest  a  metal  drum  or  a  mud  s11o« 

You  know  from  your  work  that  change  seems  to  be  accepted  very  slowly.  It 
Is  good  to  keep  In  mind  the  fact  that  for  a  farmer  who  has  always  done 
things  the  same  way,  adding  a  small  amount  of  Insecticide  to  a  sack  of 
grain  is  a  lar^e  change.    It  is  very  easy  to  give  people  more  than  they 
want  or  are  ready  to  receive. 

This  section  of  the  manual  brings  together  all  the  grain  storage  Information 
which  was  Introduced  earlier: 

.   .    It  discusses  and  shows  some  traditional  storage  methods 
and  gives  specific  directions  for  Improving  these  methods. 
Some  of  these  methods  are  sack,  basket,  and  pit  storage. 

It  gives  plans  for,  among  others,  mudblock,  ferrocement* 
oil-drum  and  cement-stave  silos. 

.    It  describes  other  storage  possibilities  to  give  some  ^ 
idea  of  the  range  of  methods  In  use. 
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This  section,  together  with  the  earlier  parts  of  the  manual,  ought' to  help 
you  to  help  farmers  define  their  choices.    To  provide  even  more  Information, 
there  are  some  valuable  appendices  to  the  manual: 

.   Appendix  A  —  Examples  of  leaflets  Illustrating  Impi'ttyed 
storage  methods  which  are  being  used  In  certain  partsf?of 
the  world.   These  leaflets  are  included  to  provide  suggestions 
and  guides  for  preparing  similar  materials. 

.    Appendix  B  --  A  guide  to  selecting  moisture  meters. 

.   Appendix  C      Guidelines  and  dosages  for  insecticide  use 
with  grain  stored  under  a. variety  of  conditions. 

.    Appendix  0      Part  of  the  text  of  a  VITA  publication  des- 
cribing ways  of  testing  and  using  local  plant  materials  to 
provide  waterproofing  for  buildings  made  of  earth. 

.   Appendix  E  —  The  text  oT  a  paper  dealing  with  the  problem 
of  getting  grain  storage  programs  for  small-scale  farmers 
underway.    This  paper  was  authored  and  presented  by  Peace 
Corps  Volunteers  In  Cotonou,  Dahomey. 

.   Appendix  F  --  A  bibliography  of  written  material,  organl- 
!  zations,and  Individuals  concerned  with  small-farm  level 

storage  problems.  ^ 

.    Appendix  G  ~  Conversion  tables. 


FEEDBACK 


As  stated  earlier,  this  manual  will  be  reviewed  and  updated  as  new  Ideas, 
plans.  Improvements,  etc.,  become  available.    For  the  revision  process  to 
be  most  valuable  to  you  and  other  users  of  the  manual,  please  send  in  your 
ccinnents  and  the  results  of  your  use  of  the  manual.   There  Is  one  reply 
form  located  at  the  very  beginning  of  the  manual,  and  another  Is  attached 
here  for  your  convenience.    If  the  reply  form  Is  missing  from  your  copy 
of  the  manual,  just  give  all  your  coRments,  a  description  of  the  problem 
you  are  dealing  with,  etc.,  on  a  separate  sheet  of  paper  and  send  It  to: 

PROJEa  DIRECTOR 

grain  storage 

3706  rhcde:  island  avenue 

mt.  rainier,  md  20322 

U.S.A. 
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PLEASE  RETURN  THIS  FORM 


NOTE  TO  THE  USER:   This  manual  was  published  because  Peace  Corps  and  VITA 
people  wish  to  help  In  a  problem  area  of  worldwide  concern.    In  order  to 
provide  the  most  effective  he1p»  the  authors  need  to  know  how  the  manual 
Is  being  used  and  how  you  feel  It  can  be  made  cv?.n  more  responsive  to 
your  needs.    Please  fill  In  the  following  form  and  return  It  to  ■ 

PROJECT  OIRECTOR 

GRAIN  STORAGE 

3706  RHODE  ISLAND  AVENUE 

MT.  RAINIER,  MO  20822 

U.S.A. 

WHEN  WE  RECEIVE  THIS  FORM.  ME  WILL  AUTOMATICALLY  PLACE  YOUR  NAME  ON  A 
MAILING  LIST  SO  THAT  YOU  WILL  RECEIVE: 

1.  Updates  and/or  additions  and  corrections  to  the 
manual  as  they  become  available. 

2.  Notice  of  other  publications  which  nay  be  of 
Interest  to  you. 

If  you  have  questions  on  the  material  presented  in  the  manual,  or  if 

you  run  into  problems  implementing  the  suggestions  offered  here,  please 

note  them  in  the  space  provided.    Use  additional  paper  if  you  have  to 

in  order  to  be  as  specific  as  you  can  about  th^  problem.    Wherever  possi^ile, 

the  authors  will  try  to  provide  or  direct  you  to  an  ansv/er. 


Date  

Your  Company  or 

Your  Name   Agency,  if  any_ 

Your  Address 


1.    How  did  you  find  out  about  the  PC/VITA  Grain  Storege  ^'anuaT?   How  did 
you  get  your  copy? 


2.    Which  parts  of  the  Grain  Storage  Manual  have  you  found  rost, useful? 
Least  useful?  Wny? 
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3-    Did  you  find  the  Manual  easy  to  read,  too  simple  or  complex, 
complete  or  incomplete? 


4.    Have  you  made  improvements  or  changes  in  any  of  the  plans?  (for 

example,  when  you  were  building  a  dryer  or  a  silo,  did  you  substitute 
any  building  materials  for  the  ones  mentioned  in  the  plans?)  If 
you  have  made  improvements  or  changes,  please  describe  vfhat  you  did 
that  was  different.    Include  photos,  sketches,  etc.,  if  possible  or 
important. 


5,    Do  you  know  of  other  ;nethods  or  equipment  whichlare  not  included 
here  but  which  you  feel  should  be  included  in  a  new  edition  of  the 

_     Manual?    If  you  do  know  of  such  methods,  etc,  please  include  the 
information  here. 


6,    Did  you  have  any  problems  using  the  Manual  or    implementing  any  of 
the  plans.    If  you  did  have  a  problem,  please  describe  it  completely. 


7-    Do  you  have  other  comments  and  suggestions  for  following  editions  of 
this  Manual? 
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ST0RA6E  PRINCIPLES 


Whichever  kind  of  storage  method  a  farmer  uses,  there  are  certain  principles 
upon  which  every  method  Is  based.   Every  storage  container,  nO  matter  what 
It  looks  like  or  what  It  Is  made  of,  should: 

.    keep  grain  cool  and  dry. 

.    protect  grain  from  Insects. 

.    protect  grain  from  rodents. 

All  storage  methods  try  to  do  the  above  three  things.    But  to  do  these 
things  requires  the  following  good  storage  practices: 

1.  Drying  grain  well'  (to  12-13%  moisture  content)  before 
putting  it  into  storage. 

2.  Putting  only  clean  grain  into  containers  which  have  had 
all  old  grain,  dust,  straw,  and  insects  removed. 

3.  Keeping  the  grain  cool  and  protected  from  large  changes 
In  outside  temperatures.   This  can  be  done  In  a  number 

of  ways  —  by  using  building  materials  which  do  not  easily 
pass  on  changes  In  outside  temperatures  to  the  stored  grain, 
by  keeping  or  building  storage  containers  away  from  direct 
sunlight,  by  painting  the  containers  white. 

4.  Protecting  the  grain  from  Insects  by  following  rules  for 
cleanliness  and  drying,  by  applying  Insecticide  and/or  by 
putting  the  grain  Into  airtight  storage. 

5.  Waterproofing  the  buildings  and  containers  as  much  as  possl- 
b1e.   this  Is  done  both  by  the  way  the  building  Is  constructed 
and  by  applying  materials  which  keep  wa^ter  from  soaking  Into 
the  building  material.   Storage  buildings  should  be  built  on 
well-drained  locations.   They  should  not  be  placed  where  they 
win  be  flooded  by  ground  water  run-off  during  heavy  rains. 

6.  Making  sure  containers  are  rodent- proofed  In  all  possible  ways. 

7.  Checking  the  grain  regularly  while  It  Is  In  storage  to 
make  sure  It  Is  not  Infested,  and  following  recleaning 
Instructions  to  destroy  Insects,  If  they  are  found  when 
the  grain  Is  checked. 
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A  fanner  who  has  these  seven  points  firmly  In  mind  will  know  why  a 
particular  silo  or  storage  method  has  been  built  or  changed  In  a  certain 
way.   And  he  can  then  do  much  to  Improve  his  own  storage  facility  by 
applying  the  knowledge  to  his  own  problems. 

The  Ideas  and  suggestions  for  storage  methods  which  follow  In  this  section, 
no  matter  how  different  they  look,  all  require  that  these  seven  steps 
be  taken  If  they  are  to  be  successful. 


FINDING  A  GOOD  STORAGE  PLACE 
SCRIPT  #1 


Suggested  Use:    This  script  and  the  one  vfhich  follows  contalir  some 
of  the  important  points  to  remember  about  finding, 
cleaning*  and  repairing  storage  places.   VITA  Volun 
teer  artist  Giiy  T.  Welch  has  provided  Illustrations 
of  some  of  these  points  to  give  some  Ideas  on  ways 
this  material  can  be  presented  through  pictures. 


.    Rats»  mice»  birds»  insects»and  mold  destroy  a  lot  of 
grain.    It  Is  not  easy  to  keep  these  dangers  away  from 
your  grain.    But  you  can  do  a  lot  to  keep  them  away. 

.    Fix  a  good  place  to  put  your  grain  before  you  bring 
It  from  the  field. 

.    The  place  for  grain  storage  is  very  Important.  Grain 
storage  places  must  be  built  on  well-drained  ground^ 
so  the  building  or  container  does  not  get  flooded 
or  take  on  too  much  moisture  from  the  ground. 

.    Most  insects  and  molds  like  warm*  wet  places. 

.    A  good  storage  place  is  cool  and  dry. 

.    Grain  storage  is  easier  if  you  live  in  a  cool,  dry 
land.    Grains  are  easier  to  protect. 

.    But  insects  and  rodents  can  attack  even  in  these 
places.    Farmers  must  protect  the  grain  from  these 
pests  wherever  they  1We. 

.    Some  fanners  store  grain  in  large  clay  jars  with 
thick  walls. 

.    Some  fanners  use  metal  drums  for  grain  storage. 

.    Some  fanners  in  warm  places  put  grain  in  buildings 
with  thick  mud,  plaster,  cement,or  thatched  walls 
and  roofs.    Thick  walls  help  to  keep  the  hot  air  out. 
Thick  walls  help  to  keep  the  grain  cool. 

.    Some  fanners  store  grain  under  the  ground.  Grain 
stored  under  the  ground  is  kept  cool  by  the  earth. 
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You  can-put  grain  storage  containers  or  jars  on  rocks 
or  wood.    This  keeps  the  containers  off  the  ground. 
Air  can  get  under  the  container.    This  air  cools  the 
grain. 

You  can  build  storage  rooms  or  buildings  on  posts. 
This  keeps  the  floor  off  the  ground.    Water  from  the 
earth  can  not  get  the  floor  wet.    Air  can  pass  under 
the  storage  building  to  cool  the  grain. 

There  are  many  ways/to  store  grain. 

Remember  that  the  storage  place  must  keep  grain  cool 
and  dry. 
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.    Remember  that  the  storage  place  must  be  clean  and  free 
of  Insects  and  rodents. 

.    Your  extension  worker  can  help  you  find  a  way  to  store 
grain  that  Is  good  for  you. 
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CLEANING  AND  REPAIRING  YOUR  STORAGE  PLACE 
SCRIPT  #  2 


Your  storage  room  or  building  must  be  clean.  Insects 
live  and  have  families  in  dirty  places.    Rats»  mice, 
and  other  pests  like  dirty  places  too. 

Take  away  and  burn  all  dust,  old  pieces  of  grain,  dirt» 
straw»and  chaff  from  the  storage  place. 

There  should  be  no  cracks  and  holes  in  the  floor, 
c€i1ing,or  walls.    Insects  and  rodents  use  these  holes 
to  get  in. 

F111  and  seal  all  cracks  and  holes. 

Seal  large  holes  1n  wooden  storage  places  with  sheet 
metal,  flattened  tin  cans,  or  pieces  of  wood. 

Concrete    and  plaster  make  good  sealing  material  for 
plaster*  brick, and  concrete  buildings, 

Put  paint  or  whitewash  on  the  walls  and  floors  of  the 
storage  area.    This  paint  helps  close  up  very  small 
holes.    Insects  like  these  small  holes. 

Do  not  use  any  poison  until  you  talk  to  your  extefnslon 
worker. 

Put  mesh  wire  over  large  openings  and  windows.  This 
will  keep  out  rats»  chickens, and  birds. 

The  roof  must  keep  rain  from  coming  In.    The  grain 
must  be  kept  dry. 

Mend  all  holes  and  openings  in  the  roof. 
Clean  the  outside  area  around  the  storage  place. 
Clean  out  the  containers  that  you  put  the  grain  in. 
Bags  or  sacks  for  storing  grain  must  be  shaken. 


257 


.    Bags  or  sacks  should  be  boiled  In  hot  water  and  dried 
In  the  sun.   Mend  any  holes  you  find  In  the  bags. 

.   Check  with  an  extension  worker  for  Information  on 
poisons  to  kill  Insects  and  rodentsv 

.   The  extension  worker  will  know  what  poison  to  use.  He 
will  know  how  to  use  the  poison. 

.   Always  remember  that  many  poisons  can  kill  animals  and 
people. 

.    Use  Insecticide  on  the  Inside  and  outside  of  your 
storage  area. 

.    Put  Insecticide  on  all  tracks  and  small  places  where 
Insects  like  #to  live. 

.    Put  out  traps  for  rodents. 

.    A  good  storage  place  Is  free  of  Insects  and  rodents. 
It  is  clean  and  dry. 


I 
I 
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STORING  GRAIN  IN  BASKET  GRANARIES 


Grain  has  been  stored  in  basket-like  containers  made  of  grass,  reeds, 
bamboo  strips,  or  small  branches  for  thousands  of  years.    The  parti- 
cular building  material  depends  upon  the  plants  available  near  a  fanner. 

These  basket  granaries  are  so  traditional  and  widely  used  that  it  does 
not  seem  nece:,sary  to  include  a  plan  for  making  them.    There  are  almost 
as  many  different  kinds  of  baskets  as  theiu  are  villages  making  them, 
and  the  skills  for  this  kind  of  work  are  passed  on  within  families/ 
What  this  manual  will, present  is  some  suggestions  for  improving  basket 
granaries  so  that  grain  stored  In  them  is  more  protected  from  insects 
and  molds* 

To  increase  the  protection  of  grain  kept  in  baskets: 

.    Keep  the  basket  off  the  ground.    Make  a  strong  platform 
upon  which  the  basket  can  sit*    The  shape  of  the  plat- 
form will  depend  upon  the  shape  of  the  basket*  Putting 
the  basket  on  a  platform  prevents  moisture  from  coming 
through  the  ground  into  the  basket.    The  platform  also 
offers  more  protection  from  rodents. 


*    Hake  sure  the  basket  is  well-protected  from  the  rain. 
If  it  is  a  grass  or  reed  basket,  keep  it  in  the  house 
or  some  other  dry  building.    If  it  is  woven  of  material 
which  can  be  kept  outside,  make  sure  the  roof  thatch 
does  nQt  let  any  rain  into  the  grain. 
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.    Place  rodent  baffles  (guards)  on  the  legs  of  platforms 
which  support  the  baskets.    These  prevent  rodents 
from  climbing  or  jumping  Into  the  baskets.    (The  rodent 
proofing  section   contains  information  on  making  rat 
baffles.) 

.   A  tin  can»  with  a  plastic  cover  that  can  be  put  on  and 
taken  off  easlly^makes  a  good  emptying  chute  (see 
the  picture  below).  Cut  the  bottom  out  of  the  can  and 
fit  the  open  end  of  the  can  into  the  lower  part  of 
the  basket.    This  makes  it  unnecessary  to  take  off 
the  cover  each  time  grain  is  taken  out. 

.    Baskets  can  be  plastered  inside  and  outside  with 
mud»  clay»  or  cow  dung.    Covers  should  be  tight  and 
sealed  with  plaster  of  the  same  material.    It  is 
Important  for  farmers  to  realize  that  grain  holding 
a  lot  of  moisture,  whether  threshed  or  freshly 
harvested,  should  not  be  placed  in  baskets  which 
have  been  plastered  in  this  way.    Plastering  makes 
the  basket  much  more  airtight.   Moist  grain  needs  to 
have  air  passing  through  to  dry  it.    If  moist  grain 
is  put  into  storaqe  without  enough  air,  it  will  mold 
and  rot  quickly. 


IMPROVED  GRANARY 


TRADITIONAL  GRASS 
OR  REEO  TNATCH 


CLAY  PLASTER 

mm  h  ouTsiD^ 


PLATFORM 


WODEK  COVER  PLASTERED 
IN  PLACE  AND  SEALED 
WITH  CLAY  AFTER 
GRANARY  IS  FILLED. 


TIN  urn  PRESS-ON  LID 
COFFEE  TIN)  WITH 
BOTTOM  REHOVED,    SET  INTO 
-    «ALL  TO  PROVIDE  INSECT* 
3     PROOF  EMPTYING  SPOUT, 
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INSTRUCTION  SHEET  FOR  STORING  GRAIN  IN  BASKETS 


This  Instruction  sheet  includes  some  directions  for  using  Insecticide 
In  basket  storage.    You  should  Include  the  names  of  Insecticides  avail- 
able In  your  area  which  are  appropriate  for  use  with  grain  being  stored 
In  baskets.    (Malathlon  and  Pyrethrum  are  mentioned.) 

You  may  want  to  use  the  information  to  make  two  Instruction  sheets: 
one  e;^p1a1n1ng  good  basket  storage  without  insecticide;  the  other, 
with  use  of  insecticide.   Also,  you  may  want  to  illustrate  the  sheets 
If  you  hand  them  out  to  farmers  In  your  area  who  use  basket  granaries. 


CLEAN  THE  BASKET  AND  THE  AREA: 

Kake  sure  the  area  around  the  basket  is  clean.  Baskets 
should  always  be  kept  inside  a  building  unless  the 
baskets  have  been  built  for  outside  use. 

.    Place  the  basket  on  a  platform  so  that  it  will  not 
pick  up  moisture  from  the  ground. 

.    Clean  out  all  grain  dust  and  broken  grains  if  the 
basket  has  been  used  before. 

.    Mend  any  holes  in  the  basket. 
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.    Plaster  with  mud>  clay>  or  cow  dung  if  storing 
very  dry  grain. 

CLEAN  AND  DRY  THE  GRAIN  CAREFULLY, 

IF  YOU  HAVE  INSECTICIDE: 

.    Dust  the  inside  of  the  basket  with  insecticide*  Do 
this  carefully  so  any  insects  will  be  killed. 

Mix  the  dry  grain  with  insecticide  before  you  put  it 
into  the  basket.    To  mix  the  grain  and  insecticide* 
you  must: 

?ta<ic  tho.  d/iy  gxcUn  on  a  plcutic  ^hcztp  ciain  ^too^p 
OK  hoAd-packeA  QKound. 

the  gxcUyi  and  hu^ccticldc  MJtM  ci  ^hovtt  luUit 
thaj  oAC  mixed  vCAy  wttt, 

1^  you  OA^  6to^nQ  moKC  than  JOOkg      QAoZn,  you 

IF  YOU  DO  NOT  HAVE  INSECTICIDE; 

.    Mix  burned  cow  dung  or  wood  ashes  with  the  grain. 


PUT  THE  GRAIN  INTO  THE  BASKET.    MAKE  SURE  THE  COVER  FITS  TIGHTLY. 

OPEN  THE  BASKET  AND  CHECK  THE  GRAIN  EVERY  TWO  MONTHS.    IF  YOU  FIND 

INSECTS; 

.    Uinnow»  sieve»  or  place  the  grain  in  the  sun. 

Clean  the  basket. 
.    Add  more  insecticide  or  ashes. 

Put  the  grain  back  and  replace  the  cover  tightly. 

WHEN  YOU  REMOVE  THE  GRAIN  FOR  FOOD,  WASH  IT  CAREFULLY.  INSECTICIDES 
CAN  LEAVE  MATERIAL  ON  THE  GRAINS  WHICH  IS  NOT  GOOD  FOR  PEOPLE  TO  EAT. 
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STORING  GRAIN  IN  SACKS 


Putting  grain  In  sacks  (bagsl  is  a  very  old 
method  of  storing.    Storage  sacks  are  made 
of  woven  jute»  heinp»  sisal,  local  grasses, 
cotton  "  whatever  material  is  available 
In  the  area.    Sacks  are  relatively  expen- 
sive as  they  do  not  often  last  for  more 
than  two  seasons.    Sacks  do  not  give  a  lot 
of  natural  protection  against  Insects, 
rodents,  and  moisture.    But  sack  storage 
has  some  advantages  for  the  small  farmer, 
and  there  are  things  farmers  can  do  to 
protect  their  sacked  grain. 


The  Advantages  of  Sack  Storage  for  Farmers: 

.    Grain  stored  in  sadcs  made  of  fibers  can  have  a  little 
higher  moisture  content  than  grain  put  into  airtight 
storage.    If  the  sacks  are  properly  stacked,  air  can 
move  through  the  sacks  to  dry  and  cool  the  grain. 


.    Sacks  are  easy  to  label.    Farmers  can  label  old 
grain  sacks  and  new  grain  sacks  to  keep  theni 
separate.    Seed  grain  can  be  marked  and  kept 
separately  from  the  other  grains. 

.    Sacks  are  easy  to  move  around.    And  sacks  or 
parts  of  sacks  can  be  used  as  they  are  needed. 

.    Sacks  can  be  stored  In  a  farmer's  house  -  no  special 
buildings  or  containers  are  needed. 

.    Farmers  In  one  village  may  decide  to  build  a  shed 
to  hold  the  grain  belonging  to  all  the  village's 
farmers.    It  is  easy  to  mark  sacks  so  that  each 
farmer's  grain  can  be  found  simply. 
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Grain  stored  in  fiber  sacks  1s  easily  attacked  by  insects*  rodents, 
and  molds.  Often  these  attacks  are  worse  because  a  farmer  has  not  done 
all  he  can  to  protect  his  grain  sacks. 


CONTROLLING  MOISTURE  AND  PREVENTING  MOLDING  IN  SACKED  GRAIN 


Dr^;  the  ^rain  well .    Although  grain  can  contain 
atOLi*  two  percent  (2.;)  more  moisture  for  sack 
storage  than  for  airtight  storage,  the  grain  should 
be  as  dry  as  possible. 

fneck  the  grain  every  two  weeks.  Suggest  to  the 
fon:uM-  tfiat  he  ridke  checking  his  grain  part  of  a 
weekly  or  bi-weekly  routine.    Put  his  hand  into 

s-t^k  of  grain  to  check  for  heating.    Hi*  can 
spelj  the  grain  and  look  for  dark  kernels:  signs 
of  M.old.    If  these  signs  are  found,  he  should 
dj;n[>  Out  the  grain  and  dry  it  again. 

Waterproof  the  walls  and  roof  of  the  building  where 
the  arain  is  stored. 

S TACK  THl  sacks  ON  gATFORMS  RAISED  OFF  THE  FLOOR. 
TFTs  keeps  sacked  y rain  from  taking  moisture  from 
t:v.^  ^locr.    Fanners  can  make  these  platforms  out 
if  whatever  ^naterials.  they  have.    If  no  wood  or 
l^^^icK^  ^t^^e  available  to  make  a  platforni,  the 
^^^O'jfij  can  be  covered  with  plastic  sheets.  The 
rdisec  platfom  is  better  than  the;  plastic  because 
1*  also  alVnws  air  to  flow  under  the  sacked  grain. 
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Stack  the  sacks  In  a  neat  manner.    Leave  space  between 
the  sacks  so  that  aic  can  move  freely  between  the 
sacks. 


OPEN  SPACE 
IN  CENTER  FOR 
A\n  CIRCULATION 


CONTROLLING  INSECT  ATTACKS  ON  SACKED  GRAIN 


.    Mend  cracks  in  the  walls,  roof, 
and  doors  of  the  building  where 
grain  is  kept.    This  mending 
keeps  Insects  from  getting  in 
and  out  of  the  building  through 
the  cracks. 

,    Remove  and  check  sacks  of  grain 
left  from  the  last  harvest,  The 
fanner  should  take  them  outside 
before  he  cleans  the  storeroom- 
This  grain  should  be  winnowed, 
sieved,  and  spread  out  in  the 
sun  for  a  time  before  it  is  put 
back  Into  the  bags-    If  the  grain 
is  seived,  light  a  fire  and  burn  all  the  insects  found,  so  they 
will  not  move  right  back  into  the  grain. 

Clean  the  room  well  before  placing 
the  sacks  inside.    Make  sure  there 
is  no  dust,  dirt,  and  old  grain  left. 
Sweep  walls  and  ceilings  as  well  as 
the  floors.    Some  fanners  may  want 
to  burn  a  small,  smoky  fire  in  the 
room  to  Srive  out  insects,  if  they 
are  not  going  to  use  insecticide  to 
protect  the  inside  of  the  building. 
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If  Insecticide  Is  Available 

Apply  insecticide  to  the  storage  building.    You  can  recom- 
mend DDT,  Malathion,  and  Lindane  for  use  on  buildings  and 
instruct  |the  fanner  on  use  of  these  three  poisons,  There 
also  are  lother  insecticides  that  can  be  used  on  buildings. 


Dust  insetticide  on  the  sacks  before  the  grain  is  put  in, 
(Or  the  insecticide  can  be  put  on  the  bags  as  they  are 
stacked.  Where  is  a  page  attached  to  the  end  of  this  sec 
tion  which  gives  instructions  on  applying  insecticides 
as  you  stack  grain,)    Malathion  is  a  safe  insecticide 
for  a  farmer  to  use  for  this  purpose      it  is  safe 
for  him  to  use  and  safe  for  his  grain.    Brush  the  sacks 
with  a  stiff  brush  and  then  shake  them  well.  Brush 
both  the  outside  and  the  inside  of  the  sack.  Put 
Malathion  on  both  the  inside  and  the  outside  of  the 
sack. 

Mix  the  grain  with  insecticide  before  it  is  placed  in 
bags.    Use  only  clean,  dry  grain.    See  the  end  of  this 
sectioh  for  instructions  on  mixing  grain  and  insecticide 
for  sack  storage . 


If  Insecticide  Is  Not  Used 

,    Clean  the  sacks  carefully.    Shake  the  sacks  well.  If 
sacks  are  made  of  a  material  which  can  be  placed  ini 
hot  water,  boil  the  sacks  or  dip  them  in  very  hot 
water.    Dry  the  sacks  in  the  hot  sun.    If  sacks  can 
not  be  placed  in  water,  4rush  them  well  and  place  them 
in  the  sun.    Make  sure  both  the  inside  and  the  outside 
get  exposed  to  the  sun. 
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Use  only  clean,  dry  grain.    The  grain  should  be  checked. 
It  should  be  free  of  insects  (the  easily  seen  adults, 
at  least) . 

Mix  ash  from  cattle  dung  or  wood  or  fine  sand  with  the 
grain  if  insecticide  is  not  to  be  used.    L*se  one,  lO-litcr 
bucket  of  ash  for  each  100kg  of  grain. 

Stack  the  sacks  carefully  (as  shown  earlier).    The  plat* 
form  holding  the  sacks  must  be  placed  away  from  the  walls 
because,  for  example,  there  are  Insects  which  live  in 
wood  and  thatch  which  will  move  to  the  stored  grain. 


tkHA'Y   ^TOtX-C.  ^C^Aj^    c*J  ^LjaeR* 


Check  the  grain  regularly.    If  no  insecticide  has  been  used, 
a  farmer  may  have  to  durtip  the  grarin  out,  get  the  insects  out, 
and  re-bag  the  grain  every  two  months  or  so.    If,  for  example, 
Malathion  is  used,  that  insecticide  possibly  will  have  to  be 
reapplied  after  four  months  of  storage. 


CONTROLLING  RODENT  ATTACKS  ON  SACKED  GRAIN 


Keep  the  area  around  the  sacks  clear  of  dirt, 
broken  grains,  grain  dust^  and  trash.    This  clearing 
makes  it  harder  for  rats  and  mice  to  find  home  and 
food  near  the  stored  grain. 

Cover  and  repair  holes!  that  rodents  might  use  to  get 
into  the  building  wherb  the  grain  is  stored. 

Keep  the  sacks  off  the  floor.    This  does  not  stop 
rat:>  and  mice  from  attackina  the  arain,  but  it  does 
make  cleaning,  poisoning  and  baiting*  and  looking 
for  rats  and  mice  easier. 
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—  Move  the  stacks  if  rodents  av-e  seen.    Then  use  traps 
and  poisoned  baits  near  the.  pathways  and  rodent  holes. 
(See  the  section  on  rodent'^control  for  more  Information 
on  jsing  traps  and  poisons  to  control  rodents). 


KEY  POINTS  FOR  SUCCESSFUL  SACK  STORAGE 


,    Sacks  and  buildings  wlrich  are  clean, 

,    Dry  grain  which  is  frie  of  Insects, 

Good  shelter  which  k^eps  out  rain»  insects^  rodents, 
and  birds. 

Careful  checking  of  the  grain  while  it  is  in  storage. 


The  following  pages  include: 

Instructions  which  can  be  given  to  fanners  to  aid  them  with 
mixing  grain  and  insecticides , for  sack  and  small-container 
storage. 

Instructions  for  adding  insecticide  while  stacking  layers 
of  grain  bags. 

Sample  material  for  a  leaflet  which  could  be  made  to 
illustrate  proper  sack  storage  through  pictures. 
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MIXING  GRAIN  AND  INSECTICIDES 
FOR  SACK  AND  SMALL-CONTAINER  STORAGE 


The  following  insecticides  and  dosages  are  recommended  for  cirect  mixing 
With  grain: 

—  Maldthlon.    Use  126  grams  of  1.056  dust  for  each  200kg 
of  grain. 

~  Lindane*    Use  120  grams  of  0A%  oust  for  each  200kg  of, 
grain. 

pyrethrum.  Use  120  grams  of  0.2%  pyrethrins  plus  }.0% 
piperonyl  butoxide  dust  for  each  200kg  of 
grain.  "  '  ^ 


If  you  can  find  Malathion,  for  example,  only  in  2%^  5%^  or  .5%  mixtures, 
you  win  have  to  adjust  the  strength  of  the  insecticide.    For  example, 
if  you  are  using  2.0%  Oust,you  need  to  use  only  60  grams  of  2,0^^  Oust 
per  200kg.  1 

.    Apply  the  insecticide  to  one  half  sack  of  grain  at  a 
tifne. 

.    Empty  one  half  of  the  grain  from  a  sack  onto  hard-packed 
earth,  a  plastic  sheet,  or  clean  floor. 

.    Put  60  grams  of  insecticide  dust  on  the  grain. 

.    Turn  the  grain  over  and  over  with  a  shovel.    Make  sure 
the  grain  and  Insecticide  are  well-mixed. 

.    Empty  the  other  half  of  the  bag  on  top  of  the  grain  you 
have  Just  mixed., 

.    Put  the  rest  (the  other  half      60  grams)  of  the  in- 
secticide on  the  grain, 

.    Mix  very  well . 

.    Put  the  grain  back  Into  the  bag  and  close  It  tightly. 

REMEMBER:    THE  GRAIN  MUST  BE  DRY  BEFORE  THE  INSECTICIDE  CAN  BE  USED. 

INSECTICIDES  00  NOT  WORK  AS  WELL  IF  THE  GRAIN  IS  TOO  MOIST. 


274 


storage  Methods  -35- 

TREATING  STACKS  OF  BAGGED  GRAIN 
RECOMMENDED  INSECTICIDES  AND  DOSAGES 


There  are  two  vays  to  apply  insecticide  to  stacks  of  bagged  grain: 

^ .    Layer  by  Layer 

___Spray  or  dust  each  layer  of  bags  with  Malathion  or  Lindane 
as  the  stack  is  being  built. 

Malathion  —  25  grams  of  2.0%  Dust  per  sack 

or 

50  grams  of  2.0%  Dust  per  square  meter. 

Lindane         25  grams  of  0,5%  Oust  per  sack 

or 

50  grams  of  0.5%  Oust  per  square  meter 

2.    Stack  Treatment 

Build  the  stack  first.  Then  spray  all  four  sides  and  the  top 
surface  of  the  stack.  Use  Oispersible  Powder  formulations  of 
Malathion  and  Lindane  at  the  dose^;-::,  xommended  for  spraying 
storage  buildings , 

When  this  treatment  is  finished*  apply  a  band  of  insecticide  around  the 

bottoms  of  the  stacks  to  control  crawling  insects,    Maiathion  ^s  best 

for  this  job,  though  where  it  is  not  available,  Lindane  or  DOT  may  be  used. 
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STORING  GRAIN  IN  SACKS 


Suggested  Uses:    This  is  an  easy-to-read  summary  of  the  important 

things  to  remember. for  good  sack  storage*    Pick  out 
the  points  that  best  fi^t  yaur  situation  and  use  them 
with  farmers  in  your  area.  *  They  are  sinply  worded 
and  can  easily  be  pictured  by  using  drawings  or  photo- 
graphs; they  can  be  translated  easily. 


.  Grain  is  often  stored  in  sacks*    Sacks  are  also  called  bags. 

,  Sacks  are  made  of  different  things. 

.  Sacks  are  easy  to  put  away.    You  can  store  them  in  a  corner 
of  the  house, 

.  You  can  put  grain  sacks  in  a  special  storage  building, 

,  Sacks  are  easy  to  carry, 

,  Each  s-ck  can  be  labeled  to  show  what  is  inside, 

,    Put  your  name  on  each  sack.    It  is  easy  to  show  which  grain 
belongs  to  you . 

Insects,  rats,  and  molds  can  attack  grain  kept  in  sacks, 

,    You  can  protect  the  sacks  from  these  dangers.    You  must  start 
before  the  grain  goes  into  the  sack. 

^/ 

,    Clean  your  storage  area  well, 

,    Make  sure  there  is  no  dust,  qld  grain,  straw,  or  trash  in 
the  storage  place, 

,    Mend  holes  in  the  roof,  floor,  or  walls, 

,    Check  for  cracks.    Insects  hide  th£re, 

,    Make  sure  rain  and  water  from  the  ground  can  not  get  the 
grain  wet. 

,  Put  rat  guards  on  the  legs  of  storage  containers  or  buildinqs. 
,  .Ask  your  extension  agent  about  insecticides  you  can  use. 
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-  Shake  out  old  storage  sacks. 

,  Put  old  sacks  in  boiling  water^  if  possible. 

.  Dry  old  sacks  in  bright  sunlight. 

.  Mend  holes  in  the  sacks, 

.  Spray  or  dust  the  bags  with  insecticide. 

.  Spray  or  dust  the  building  wHh  insecticide. 

-  Make  sure  the  grain  you  put  into  the  sack  has  no 
insects  in  it- 

.    Put  only  clean,  dry  grain  into  sacks. 

-  Somfi  insect  poisons  can  be  added  into  the  sack  with  the 
grain.    This  protects  the  grain  from  insects  for  some 
time.    Ask  your  extension  agent  before  you  do  this. 
Some  poisons  can  poison  the  grain. 

-  You  can  add  sand  ^nd  ash  to  the  grain  in  the  sack. 
Insects  do  not  like  these  materials, 

-  Poison  is  better  than  sand  and  ash.    But  sana  and 
ash  are  better  than  putting  the  grain  in  with  no 
protection- 

.    Close  all  sackb  tightly. 

-  Put  each  kind  of  grain  in  a  separate  sack. 

-  Place  grain  sacks  off  the  ground. 

If  you  have  many  sacks,  stack  the  sacks  well.  Leave 
room  between  the  sacks.    Air  in  the  room  will  cool 
the  grain  better  if  there  is  room  between  the  sacks. 

.    Do  not  stack  sacks  against  the  walls.    Insects  and 
termites  get  into  the  grain  from  the  walls. 

.    Check  the  sacks  often.    Look  for  insects.    Smell  for 
mold.    Look  for  wet  places, 

.    If  you  find  insects  or  mold,  dump  the  grain  out  of 
the  sack  and  leave  it  in  the  sun.    Sieve  the  grain. 

-  Clean  the  sacks  again. 
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Put  the  grain  back  Into  the  sacks  Inmedlately  after 
cleaning. 


REMEMBER;    THERE  ARE  POISONS  WHICH  YOU  CAN  ADO  TO  THE  SACKS  OF  GRAIN 
Affs-  OTHERS  WHICH  ARE  TO  BE  USED  ONLY  OH  NON-FOOD  LIKE  

rmw,  [  :  ^  ^  

THESE  POISONS  CAN  BE  OANGEROUS. 

DO  NOT  USE  POISON  BEFORE  YOU  TALK  WITH  YOUR  EXTENSION 

mm,  ■ 
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AIRTIGHT  STORAGE 


INTRODUCTION  ^ 

Insects  can  still  grow  and  reproduce  in  very  dry  grain.    Grain  dried  to 
a  12  or  13%  moisture  level  will  not  niold»  but  can  still  be  very  good  food 
for  insects. 

The  moisture  level  in  grain  has  to  be  956  or  less  to  slow  down  insect  ^ 
development.    Very  high  and  very  low  temperatures  also  slow  down  inseot 
growth.    But  most  fanners  will  have  trouble  getting  their  grain  below 
iz%  moisture  and  in  using  teniDerature  to  control  insect  development. 
They  often  do  not  have  the  special  equipment  necessary  to  do  these  things. 

More  and  more  fanners  do  Use  insecticides  to  control  insects  in  grain. 
But  some  insecticides  are  dangerous;  some  are  expensive;  sometimes  they 
are  not  available;  and  there  is  increasing  concern  about  using  chemicals 
of  any  kind  on  food  products. 


HOW  IT  WORKS 


Airtight  storage  simply  means  putting  grain  into  containers  which  keep 
air  from  getting*into  the  grain.    Some  air  is  let  into  the  container  at 
the  time  the  grain  is  put  Into  storage.    But  after  the  container  is  sealed, 
no  more  air  enters.    The  respiration  of  the  graln^and  any  Insects  in  it 
usefs  up  all  the  oxygen*    Insects  need  oxygen  to  live.    They  die  without 
It.    Any  molds  present  which  require  oxygen  also  will  die. 

You  can  show  fanners  how  airtight  storage  works  by  putting 
some  insects  and  grains  on  a  very  smooth  surface  and, 
turning  a  glass  over  on  top  of  them.    Make  sure  the  glass 
is  tight  against  the  surface.    Seal  it^ith  wax  or  some 
other  material.    Or  seal  some  grain  kernels  and  insects  in 
a  glass  jar.    Cover  the  jar  with  a  screw-on  lid  or  a 
plastic  sheet.    Just  make  sure  no  air  can  enter  the  con- 
tainer} 

Wait  for  a  -while.    The  insects  will  begin  to  move  more 
slowly.    Finally,  they  will  die.    How  long  it    ikes  for 
the  Insects  to  die  will  depend  upon  the  number  of  insects, 
iuC  amount  of  grain,  and  the  size  of  the  glass  container. 
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You  can  speed  up  the  experiment  by  placing  a  lighted 
candle  under  the  glass  container.    The  flame  on  the 
candle  requires  oxygen  to  keep  burning.    The  flame 
will  use  up  the  oxygen  In  the  container  quickly. 
When  th^  oxygen  Is  gone»  the  flame' will  go  out.  Soon, 
the  Insects  will  die. 

The  lack  of  oxygen*  which  kills  insects,  does  not  ^eem  to  hurt  the 
grain  or  to  keep  seed  grain  from  germinating  when  It  Is  planted. 

Successful  airtight  storage^  depends  upon  a  number  of  things: 

.    Building  containers  which  are  airtight.  This 
means  using  materials  which  do  hot  let  air  flow 
through  them^  for  example,  metal,  plastic,  con* 
Crete.    These  containers  must  be  checked  to  make 
sure  there  are  no  cracks  or  holes.    Sometimes  a 
fanner  will  see  light  coming  through  cracks  In  a 
^  *       large  container,    n  the  container  Is  a  gourd, 

for  example,  he  can  check  for  cracks  by  filling  It 
with  water  to  see  if  there  are  any  leaks.  All 
cracks  in  storage  containers  should  be  sealed 
for  good  protection.    In  addition.  It  Is  usually 
a  good  idea  to  coat  or  paint  the  entire  outside 
{and  sometimes  the  inside)  surface  of  the  con-- 
tainer  with  tar  or  oil -based  paints  {they  are 
waterproof  and  also  do  not  let  air  pass  through). 

For  a  fanner  who  cannot  afford  to  buy  these  ma- 
terials, there  may  be  local  trees  and  plants 
which  produce  materials  useful  for  waterproofing. 
Appendix  D  explains  how  a  fanner  can  find  .and  use 
local  materials  to  waterproof  and  protect  the 
buildings  he  makes  with  mudblocks  or  earth. 

.    Sealing  tightly  the  holes  for  putting  grain  into 
the  container  and  for  taking  grain  out.    Tar,  wax, 
or  pieces  of  rubber  cut  from  old  tires,  and  Inner 
tubes  can  be  used  for  this. 

.    Filling  airtight  storage  containers  to  the  top 

is  important.    Full  containers,  which  are  sealed  ^ 
against  air,  can  kill  insects  in  a  few  days.  But 
ff4:he  container  is  not  full,  the  insects  take  a 
lot  longer  to  die.    And  before  they  die,  they  may 
damage  a  lot  of  grain. 
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.    Keeping  the  storage  container  closed.    Unless  the 
airtight  container  is  quite  small>  farmers  probably 
will  want  to  store  the  grain  they  use  for  food 
separately.    The  storage  container  holding  the  food 
grain  is  opened  often.    Every  time  a  container  is 
opened*  more  air  containing  oxygen  enters  the 
stored  grain.    This  added  air  and  frequent  opening 
encourages  insect  growth. 

Some  of  the  storage  methods  used  for  thousands  of  years  have  been  based 
loosely  on  the  principles  of  airtight  storage.    A  farmer  might  not  call 
his  method,  airtight  storage,  or  be  able  to  tell  you  why  It  works.  He 
stores  his  grain  this  way  because  it  keeps  his  grain  pretty  safe»  and  he 
has  been  doing  it  this  v/ay  for  many  years.    Many  of  these  methods  are 
basically  good.    Improvements  can  make  them  more  airtight  and,  therefore* 
increase  their  ability  to  protect  grain. 


CHOOSING  A  METHOD  OF  AIRTIGHT  STORAGE 


A  farmer  has  to  decide  what  he  needs  his  storage  method  to  do,  and*  then* 
he  must  figure  the  costs  of  each  method.    Some  of  the  methods*  such  as 
metal  drums  and  plastic  sacks,  cost  niore  money.    But  they  are  definitely 
airtight  when  used  correctly  and  are  very  likely  to  make  up  their  costs 
by  good  storage  of  grain.    Other  methods*  such  as  the  Improved  Mudblock 
Silo*  are  harder  to  make  airtight,  take  longer  to  build*  and  require  more 
upkeep.    But  they  can  hold  large  amounts  of  grain,  and  they  can  be  made 
with  local  materials. 

Airtight  storage  is  something  farmers  who  store  dry  grain  should  work 
toward.    (REMEMBER;    IF  THE  FARMER  IS  STORING  GRAIN  WHICH  HAS  A  MOISTURE 
CONTENT  OVER  12-13X,  HE  SHOULD  NOT  USE  AIRTIGHT  STORAGE.    Grain  which  has 
a  high  moisture  content  should  be  stored  so  that  air  can  pass  over  the 
kernels.) 

The  rest  of  the  material  included  in  this  section  describes  storage 
methods  which  are,  or  can  be  made  by  making  the  various  improvement  des- 
cribed here,  quite  airtight  and  waterproof.    Hopefully,  this  material 
will  serve  as  a  useful  guide  to  *=ome  of  the  storage  possibilities  that 
are  available  to  small-scale  farmers. 
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STORING  IN  GOURDS  AND  BASKHS 


Gourds  are  the  hard,  dried  outside  cases  (skins)  of  certain  fruits.  They 
are  found  in  many  places  and  are  used  for  storing  small  amounts  of  grain. 
Grain  for  planting  is  often  stored  in  gourds. 

Scientists  are  working  to  discover  ways  of  making  gourds  effective  airtight 
containers  for  grain  that  has  no  more  than  12-13%  moisture  in  it.  Here 
are  some  of  the  findings: 

.    Linseed  oil  or  varnish  painted  all 
over  the  outside  of  the  gourd 
makes  it  almost  airtight, 

.    The  stopper  or  cover  for  the  gourd 
has  to  be  sealed  well . 

.    Pitch  and  bitumen  are  easier  for 
farmers  to  get  and  seem  to  make  the 
gourds  af rtif '  ' 

.    Any  thick  substance  which  will  stick 
to  the  gourd  will  work  very  well. 
There  are  probably  local  materials 
which  can  be  found  and  made  to  seal 
the  gourd.    See  Appendix  D.    It  is 
likely  that  some  of  the  materials 
found  for  waterproofing  soil  would 
be  useful  to  seal  the  gourds.  If 
the  material  stays  sticky  and  does 
not  dry,  sprinkle  sand  or  ^arth  all 
over  it. 

If  gourd-shaped  vessels  made  of  clay  or  other  local  materials  are  avail- 
able in  your  area,  perhaps  these  can  be  made  airtight  in  the  same  wey. 

Baskets  made  of  local  materials  also  can  be  made  more  airtight.    Cover  the 
baskets  inside  and  out  with  mud  plaster.    Make  sure  the  cover  closes 
tightly.    The  outside  of  the  basket  can  then  be  coated  with  a  waterproofing 
or  sealing  material . 

Possible  advantages:  Disadvantages: 

.    Useful  for  storing  seed  grain  Gourds  do  not  hold  large  amounts 

and  smaller  quantities  for  food,  of  grain, 

.  ^ Easy  to  get  to  the  grain  and  to 
check  for  insects. 

.    Easy  to  label,  so  the  fanner  knows  what 
*       kind  of  grain  is  in  each  container. 
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STDRIN6  GRAIN  IN  UNDERGROUND  PITS 


Farmers  store  grain  In  underground  pits  (hol^s)  In  many  parts  of  the  world. 
Pits  are  used  for  storing  threshed  sorghum  and  maize.    They  also  are  used 
for  wheats  peas^and  teans.    In  areas  where  p\1t  storage  Is  used*  It  haS 
served  farmers  well  as  a  way  of  avoiding  theft  of  the  grain  (because  the 
pits  are  hidden).   A1so»  because  the  pits  are  dug  deep  Into  the  earth*  they 
keep  the  grain  cool.    In  addition*  some  pits  are  relatively  airtight. 

However^  pit  storage  Is  generally. not  a  storage  method  to  encourage  a  . 
farmer  to  adopt.    If  a  farmer  Is  looking  for  a  storage  method,  he  Is  more 
^MJteV^o  get  airtight  storage  by  using  oil  drums*  plastic  sacks*  etc. 


DRY  PITS 


There  are  mat  ^ ,  many  kinds  of  pits.    The  pits  themselves  are  not  always 
airtight  or  waterproof.    Therefore,,  some  farmers  line  the  pits  with  straw 
to  absorb  moisture  from  the  earth  or  from  leaks  in  the  covers.  The 
straw  gets  damp  and  becomes  moldy.    These  molds  use  up  any  air  in  the 
storage  pit»  so  that  any  insects  present  in  the  grain  die.    Often  in 
underground  storage  pits»  the  grain  at  the  top  and  around  the  sides  of 
the  pit  is  moldy.  Jhe  main  pert  of  the  grain»  however^  stores  well. 


WET  PITS 


In  some  areas*  farmers  build  v.-t:  pits.    During  the  rainy  season^ the  water 
In  the  ground  may  rise  .right  into  the  pit.    The  grain  in  this  case  is  full 
of  water.    But,  the  grain  respires  more  quickly  when  wet  and  uses  up  the 
oxygen.    Insects  and  molds  requiring  oxygen  die.    Of ten 'these  wet  pits 
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are  buiU  where  cattle  are  kept  because  cow  dung  uses  up  oxygen  as  It 
decomposes.    The  grain  kept  In  wet  pits  may  ferment  (sour)  and  thus  is 
not  good  for  seed.    But  often  it  seems  to  store  better  than  grain  kept 
in  drier  pits. 


IMPROVING  PITS 


The  question  to  keep  in  mind  here  is  whether  or  not  an  improvement  in 
the  traditional  pit  is  wise  or  necessary..  A  farmer  who  does  not  open  his 
pit  often  may  have  very  light  losses  from  insects  and  molds.    In  this 
case,  making  Improvements  may  not  be  necessary, 

1 

However*  in  areas  where  farmers  haye  lost  a  lot  of  grain  stored  in  pits 
due  to  insects  and  molds,  it  may  be  a  good  idea  to  offer  several  suggestions 
for  improving  the  pit  storage.    Pit  storage  can  be  made  more  safe  by  im- 
proving the  covers,  building  shelters  over  the  pits^or  by  using  a  lining 
in  the  pits. 


Replacing  Covers 

Pit  storage  usually  can  be  Improved  by  replacing  wood  and.mud  covers  with 
metal  or  plastic  covers, 

,    Use  one  large  sheet  of  metal  or  plastic  to  cover  the  entire 
area. 

•    Make  a  hole  in  the  middle  of  the  large  sheet.    This  is  so  grain 
can  be  taken  out.    Cover  the  smaller  hole  with  a  piece  of 
of  the  same  material. 

.    Seal  the  entire  cover  with  a  mixture  of  mud  or  dung  or  with 
bitumen, 

\ 

Building  Shel ters 

Some  farmers  build  shelters  over  the  pit  stores.    The  shelters  should  be 
movable  so  that  when  the  sun  is  shining,  the  pit  can  be  exposed  for  ying. 
The  shelter  should  be  used  when  it  rains.  The  problem  with  this  type  of 
shelter  is  that  the  farmer  cannot  keep  the  place  of  the  pit  a  secret  and 
the  grain  may  be  taken  by  thieves. 


^ 
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Improving  Pit  Linings  ^ 

The  other  area  where  pits  can  be  improved  is  the  lining  used  in  the  pit. 

StfioM  and  Mat  Lining 

.    Put  down  a  layer  of  straw  on  the  pit  floor.   Cover  the 
straw  with  mats  made  from  bamboo  or  local  grasses. 

.    Line  the  walls  with  straw  and  matting  as  well. 

.    Pour  in  dry  grain  to  the  top  of  the  lining. 

.    Continue  placing  the  lining  and  pouring  the  grain  until 
the  pit  ir>  full. 

.    Seal  the  pit. 


Cro-ss-section  of  an 
underground  pit 


Straw  lining 


Advantages:   Uses  local  material  and  costs  nothing. 

Stores  grainmuch  better  than  an  unlined  pit. 

Disadvantages:    Does  not  protect  the  grain  as  well  as  the  following 
methods . 
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*  Place  very  dry  grain  in 
plastic  sacks* 

*  Seal  tightly  as  shown. 

*  Store  sacks  In  the  pit. 

I 

.    Seal  the  pit  well . 
Advantages: 

Airtight  if  the  bags  are  well 
sealed, 

A  fanner  can  remove  part  of  the  grain 
easily  without  letting  air  and 
moisture  into  the^rest  of  the  grain. 

Disadvantages: 

May  be  expensive  or  hard-to-get. 


.    Line  the  pit  with  large  plastic  sheets  or  with  plastic  bags  cut 
open  to  make  sheets. 

.   Make  sure  the  edges  of  the  plastic  sheet  lie  over  each  other. 

.    Fin  the  pit  with  clean,  dry  grain  and  seal  tightly. 

Advantages:    GlA/es  good  protection  from  moisture  If  the 
plastic  is  sealed. 

A 

Disadvantages:    Can  be  damaged  easily* 

Plastic  may  be  expensive^  unava11able»and 
hard  to  replace. 
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U^lttg  pgzu^tcc  Lining  and  PZiutic  Bog^  in  Lokqz  PiU 

Lay  plastic  sheets  or  cut-open  plastic  bags  on  the  floor. 

Fill  a  number  of  plastic  bags  with  very  dry  grain  and  put  these 
against  the  sides  of  the  pit. 

Pour  dry  grain  Into  the  space  between  the  floor  and  the  tops 
of  the  sacks. 

Put  another  layer  of  filled  plastic  sacks  against  the  walls 
on  top  of  the  sacks  already  In  xhe  pit. 

Fin  the  sv^^ce  with  grain. 

Continue/placing  plastic  sacks  against  the  sides  and  pouring. 
In  graln^ until  the  pit  is  full. 

Cover  thte  top  of  the  grain  with  plastic. 

Seal  th^  pit  In  the  usual  way. 


Advantages:    Keep,s  most  of  the  grain 
j     very  well . 

[     Stores  large  amounts  of 
grain. 


Disadvantages 


May  be  hard  to  find 
plastic. 

May  be  expensive. 

Loses  some  grain  because 
It  falls  down  between  the 
bags  and  the  walls  of  the 
pit.  ^ 


plastic  sheets 


There  has  been  work  done  on  various  concrete  linings*  for  underground  tflts. 
Qecause  this  melthod  requires  more  labor,  material  and  money,  it  is  noji 
as  easy  for  a  small  farmer  to  use.    However,  it  will  be  outlined  in  more 
detail  In  the  part  of  this  manual  which  discusses  ferrocement.  / 


/ 
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STORING  GRAIN  IN  PLASTIC  SACKS 


Plastic  bags  make  good  airtight  storage  containers. 

.   Use  plastic  bags  which  are  .20  to  .Z^m  thick  (500-700  gauge). 

.   Make  sure  there  are  ^o  holes  In  the  p1.\st1c.   Even  the 
smallest  hole  will  c^use  problems.  , 

.   Some  Insects  can  puncWrie  plastic  when  trying  to  escape  frcim 
the  sack.   But  this  CAn  be  stopped  by  putting  a  cloth  bag' 
of  tightly  woven  cotton  Inside  the  plastic  bag.   The  i 
I  /  cloth  Is  added  protection. 

!      Use  grain  which  Is  very  dry. 

vj   Add  Insecticide  to  the  grain.    It  can  take  a  week  or  more 
•   for  Insects  to  nse  up  the  oxygen  which  Is  In  the  tag. 

.   Fill  the  sacks  and  seal  them  tightly.  , 

.   Store  the  filled  bags  off  the  ground  on  a  smooth  surface  so 
that  they  will  not  be  punctured  by  the  floor  or  anything 
sharp.  J  I 

Advantages:        Plastic  bags  are  easy  to  store. 

Plastic  bags  are  easy  to  move  around.  \ 

m 

They  provide  gisod  protection  against  Insects. 

.  Plastic  bags  make  good  containers  for  fumigating 
small  quantltlies  of  grain. 

Disadvantages:     Plastic  can  be  torn  or  punctured  easily. 

They  are  generally  good  for  only  one  yeap 
and  must  be  replaced  after  that  because 
:    small  holes  have  been  made  In  them. 

Rodents  can  eat  through  plast'ic. 

Plastic  bags  are  expensive  In  sraie  area. 

The  following  liaflet,  prepared  by  VITA  drtist.  Ken  Lloyd,  Is  designed  to 
show  fanners  a /good  procedure  for^torlng  dry  grain  In  plastic  sacks. 

^ -I 
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AvLMo^r  FILL.  UP  witH  (MAue  -^uee  tvIhr6 


$^9ueE2e  plA'S'Tic  ti^Utly 

e>A^  TO  PRe&S  Alfe  OUT. 
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STORING  GRAIN  IN  METAL  DRUMS 


In  many  parts  of  the  world,  220-litre  oil  drums 
are  available  and  not  too  expensive.    If  fanners 
in  your  area  can  find  oil  drums*  this  is  a 
storage  method  which  may  be  a  good  improve- 
ment. 

Sorghum,  maize,  millet,  cowpeas,  and  groundnuts 
are  among  the  materials  which  can  be  stored 
successfully  in  these  drums.    The  grain  should 
be  dry  (12%  moisture  or  less)  when  it  is  put 
into  the  drum. 

Here  is  the  procedure  for  using  a  dru^: 

.    Make  sure  the  drum  is  clean  and  dry  inside. 

-  Check  for  holes.    Holes  in  these  drums  can  be  plugged 
with  wax. 

.    Pour  clean*  dry  grain  into  the  drum  through  the  small 
top  opening.    Use  d  wide-mouth  funnel  to  help  with 
this  job, 

.    Shake  the  drum  to  let  the  gra  n  settle;  then  fill  it 
again. 

-  Make  sure  the  drum  is  full. 

.    Screw  the  cap  on  tightly.    If  the  rubber  ring  on  the 
inside  of  the  cap  is  missing,  smear  the  cap  with  grease. 

Each  drum  holds  about  660kg   of  grain. 

Advantages:    Provides  good  airtight  storage  control  of  insects. 

Protects  the  grain  from  rodents. 

Works  well  for  seed  grain;  does  not  seem  to  hurt 
the  ability  of  the  seed  to  germinate. 

Is  available  in  most  areas  and  is  not  expensive. 

Makes  a  good  container  to  fumigate  grain  in- 
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Disadvantages:    Has  a  small  opening  for  filling  and  emptying. 

Special  clamp-on  lid  is  sometimes  available. 
But  this  lid  does  not  create  airtight  conditions 
and  insecticides  must  be  used. 

Works  best  when  grain  is  being  stored  5  months 
or  more. 

Has  to  be  kePt  out  of  sunlight  to  prevent 
moisture  changes  and  heating  in  the  stored 
grain. 

Can  rust  and  must  be  repaired  carefully  for 
airtight  storage  to  be  continued. 
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STORING  GRAIN  IN  METAL  BINS 


Metal  bins  are  being  tried  for  small-scale  use,  in  many  parts  of  the  world. 
In  some  areas,  fanners  can  buy  metal  bins  in  different  sizes.    They  are 
sometimes  expensive,  and  they  rust  in  moist  areas.    Often  a  fanner  needs 
to  be  a  member  of  a  credit  program  to  get  the  money  to  buy  this  type  of 
metal  silo  or  bin.    Then  he  repays  the  money  for  the  cost  of  the  bin.  Hope- 
fully, the  bin  pays  for  itself  by  reducing  losses  to  the  stored  grain  due 
to  attacks  by  insects  and  rodents. 

Metal  bins  can  also  be  built  quite  easily:    but  the  fanner  must  know  how 
to  weld  and  work  with  metal.    Or  someone  with  these  skills  must  be  able 
to  help. 

CHARACTERISTICS  OF  METAL  BINS 

Built  above  the  ground 
either  on  platforms  or  on 
cement  bases  when  fcept  out- 
side.   The  metal  bottoms  will 
rust  be<ause  of  contact  with 
ground  water  if  the  bins  are 
on  the  ground. 

Rounded  fn  shape  to  hold  the 
pressure  of  the  grain  better: 
a  square  bin  would  have  more 
seams  and  be  more  likely  to, 
break  open. 

Painted  white  or  stored  out  of 
the  sun  because  metal  conducts 
(passes  on)  heat  very  well. 


Advantages  of  Metal  Bins 

.    Good  control  of  insects,  molds,  and  rodents  if  bins  are  well- 
made,  well-sealed,  kept  off  the  ground,  and  out  of  the  sun. 

.    Small  metal  bins  are  lightweight  and  may  be  moved  easily. 

A  metal  bin  may  pay  for  itself  out  of  the  farmer's  increased 
profit.    This  is  true  (for  all  improved  storage  methods)  only 
where  initial  costs  are  not  too  high  or  a  good  credit  Program 
is  available. 
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Disadvantages  of  Metal  Bins  j 

.    Metal  sheets  for  building  the  silo  are  more  expensive  than 
most  locally  available  materials^  or»  1n  some  areas»  cement. 

.    Construction  of  a  bin  requires  special  equipment  to^cut  and 
weld  the  metal  and  people  trained  in  working  with  metal. 

.    Metal  rusts  quickly  in  hot»  wet  places.    Sheet  metal  for  bins 
must  be  galvani2ed  or  painted  regularly  to  protect  the  metal 
from  rusting.    This  is  another  cost  to  the  fanner. 


Blacksmiths  and  people  with  metal -working  experience,  who  might  be  interested 
in  making  bins  to  fit  local  needs^should  bt^  encouraged  to  try  to  do  so. 
Experimenting  with  various  designs  will  olve  information  which  can  help 
you  decide  what  kind  of  metal  bin  will  work  best  in  your  area. 

The  following  information  on  various  metal  bins  is  provided  to  give  some 
idea  of  what  types  of  bins  are  available.  Wherevt^r  possible,  an  address 
is  included  so  that  you  may  write  for  further  information. 


CIRCULAR  STEEL  BIN 


The  bin  shown  here  is  very  useful  for  storing  small  quantities  of  grain 
Indoors.    It  can  be  made  in  four  sizes,  ranging  from  500kg  to. 3  tons. 
The  chart  included  here  gives  the  dimensions  for  each  size  of  circular 
steel  bin. 
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Description 

.    Opens  at  the  top  for  filling  and  has  a  spout  at  the  bottom 
for  emptying. 

.   Has  a  flat  top'and  bottom  made  of  plain   ^U1d  Steel  sheets. 

.    Has  circular  sides  made  of  corrugated  Mild  Steel  sheets. 

.    Comes  In  4-6  pieces  which  can  be  put  together  on  site.  The 
bin  can  be  taken  apart  when  not  In  use  and  put  back  together 
when  It  Is  needed  again. 

.    Prevents  uneven  temperatures  within  the  bin  by  bulldlng-in 
a  special  arrangement. 

.  Uses  neO'prene  washers  with  bolts  to  make  the  bin  airtight. 

.  May  be  used  for  fumigation,  as  required. 

.  Can  be  made  In  any  small  sheet-met^l  workshop. 

.  Stores  grain  to  be  used  for  seed  safely. 


Capacity  Height  {cml_  Diameter  (cm)  Gauge  Steel  iiheet 

500kg  125  80  28 

1  ton  165  100  26 

2  ton  ."■'0  124  24 

3  ton  210  150  *  24 


For  further  Information  on  this  and  other  bins  which  might  be  of  use 
to  small  f&rmers  In  your  area,  please  write  to: 

The  Grain  Storage  Research  &  Training  Center 
Department  of  Food  z 
Government  of  India 
Hapur,  Uttar  Prades! 
India 
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METAL  BINS  FOR  HOME  USE 


A  "Save  Grain  Campaign,"  begun  in  India  in  1965,  resulted  In  a  number)  of 
metal  bins  which  were  designed  specially  for  use  in  the  home  «nd  on  a 
small  farm* 


Two  styles  of  bins  are  pictured  here.    Each  bin  is  pictured  in  two  sizes. 
The  following  chart  shows  how  many  kilograms  of  paddy,  maize, or  wheat 
each  size  of  bin  can  hold. 


CffPStlTV 

PADDY* 

WHEAT*** 

Cubic  Meters 

kq 

kg 

kq 

0.4? 

230^ 

300 

315 

0.-68 

375 

485 

510 

0.82 

450 

580 

615 

1.35 

745 

960 

1015 

*  Approximately  550kg  per  cubic  meter 
**  Approximately  710kg  per  cubic  meter 
***  Approximately  750kg  per  cubic  meter 


The  specifications  and  technical  drawings  for  these  bins  are  available 
in  booklet  form  from: ' 

Save  Grain  Campaign 
Ministry  of  Agriculture 
Department  of  Food 
Krishi  Bhavan 
New  Delhi*  India 


297 


storage  Methods  -65- 


SHEET  METAL  SILO 


This  silo  was  developed  by  the  Institute  of  Tropical  Agriculture  Research 
In  Benin  (formerly*  Dahomey)»  Africa.    It  Is  a  good  example  of  an  easily 
made  metal  storage  container. 

The  model  below  Is  made  of  sheet  metal »  Irm  th1ck»  welded  together  at 
the  seams..  It  has  two  openings,  one  for  ^^Uling  at  the  top  of  the  bin  and 
one  for  emptying  at  the  bottom.    The  cost  o*  the  J  ton  modfel  shown  here 
Is  about  $175  (U.S.  t^urrency)  when  manufactured  In  small  numbers. 
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FUMIGATION  OF  SHALL  QUANTITIES  OF  STORED  GRAIN 


Fumigants  are  insecticides  in  the  form  of  gas.    This  gas  can  kill  aduH 
insectsMiving  outside  the  grain  kernels  and  larval  stages  livirtg  inside  the 
kernels.    Once  the  gas  disappears  from  the  grain,  there  is  no  more  protection 
against  insects.  ^ 

BECAUSE  FUMIGANTS  ARE  GASES.  THEY  MUST  ONLY  BE  USED  IN  CONTAINERS  THAT 
MILL  NOT  LET  ANY  OF  THE  GAS  GET  OUT.    THIS  GAS  CAN  KILL  HUMANS  AND  ANIMALS 
AS  WELL  AS  iMsECTs.  ■  ^ 

The  easiest  and  safest  fumlgant  to  use  Is  Phostoxin.    In  many  areas, 
Phostoxin  is  relatively  expensive*    You  can  buy  it  in  the  form  of  tablets 
or  pellets,    These  formulajtions  only  start  to  turn  into  gas  when  they  are 
taken  out  of  their  containers  and  placed  in  the  air*    When  the  moisture 
from  the  air  touches  the  tablets,  the  gas  begins  to  form.    Phostoxin  con* 
tainers  must  always  be  tightly  sealed  when  not  being  used* 


-It  is  not  a  good  idea  for  a  farmer  to  use  Phostoxin  himself  *-  unless  he  has 
used  it  before,  and  you  are  sure  he  understands  the  use  of  this' fumiganfr^* 
But  you  should  know  how  to  use  Phostoxin  so  that  you  can  instruct  and  help 
the  farmer  fumigate  his  grain. 

So  the  following  pages  present  fumigation  procedures  which  will  be  most 
helpfuVto  the  small-scale  farmer:    fumigation  for  stacked  grain  sacks; 
fumigation  in  plastic  bags;  fumigation  in  small  metal  bins,  silos,  and 
oil  drums* 

REMEMB^:    WEAR  GLOVES  WHEN  YOU  USE  PHOSTOXIN, 

KNOW  WHAT  TO  DO  TN  CASE  OF  AN  ACCIDENT, 

KEEP  ALL  PEOPLE  AND  ANIMALS  AWAY  FROM  THE  AREA  WHERE 
FUMIGATION  IS  BEING  DONE, 
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FUMIGATING  GRAIN  IN  PLASTIC  BAGS 

Use  1  pellet  of  PHOSTOXIN  for  each  100kg  of  grain. 

Tablets  contain  more  poison  than  pellets;  5  pellets  are  equal 
to  1  tablet.    If  you  cannot  find  pellets,  you  can  cut  one  tablet 
ir  4  pieces.    Therefore,  one  tablet  will  fumigate  4  bags  of  grain 
CUTTING  PHOSTOXIN  TABLETS  IS  DANGEROUS  AND  MUST  BE  DONE  VERY  CARE 
FULLY. 

You  must  be  sure  there  are  no  little  pieces  of  the  tablets  lying 
arouild  after  you  cut.    If  there  are  pieces,  drop  the  pieces  into 
a  large  pail  of  water  which  has  soap  in  it.    Do  this  outside  in 
the  open  air.    The  gas  will  cause  bubbling  in  the  water.  When 
the  bubbles  disappear,  you  can  throw  the  mixture  away. 

Use  heavy  gauge  (500  gauge)  plastic  bags. 

Make  sure  the  bags  have  no  holes  or  tears.    Mend  any  holes  with 
tape. 

Fill  a  bag  with  grain. 

Put  the  pellet  of  Phostoxin  in  an  unsealed  envelope  or  piece  of 
paper  and^place  the  packet  on  top'  of  the  grain  in  the  bag. 

Clo^e  the  bag  and  tie  as  shown. 
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Place  a  warning  on  the  bag  so  no  one  will  touch  or  open  the  bag. 

Leave  the  bag  as  It  Is  for  at  least  5  days.   It -Is  even  better  to 
keep  the  grain  In  the  bag  tightly  sealed  until  It  Is  needed.  Gas 
cannot  protect  against  new  attack,  but  once  fumigation  has  killed  . 
any  Insects  present,  the  plastic  b&g  will  maintain  airtight  storage 
conditions  which;wm  control  Insects. 


NOTE:  PHOSTOXIN  may  be  expensive  and  may  not  be  available  In  all 
areas.  Check  with  your  extension  agent  for  Information  on 
other  insecticides  which  might  be  useful  for  you  to  use  on 
your  stored  grainV 
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FUMIGATING  SACKED  GRAIN  UNDER  PLASTIC  SHEETS 

.    Use  PKOSTOXIN. 

3  tablets  per  25  45kg  bags  or  1,125k()  of  sacked  grain 


15  pellets  per  25  45kg  bags  or  1, 125kg  of  sacked  grain. 

.    Use  fumigation  on  bags  made  of  jute  or  fiber.    If  using  plastic 
bags,  make  sure  the  bags  are  open  before  fumigation  begins. 

.    Stack  the  sack's  on  the  floor  on  a  sheet  of  plastic,  unless  the 
floor  is  concrete.   Do  not  fumigate  directly  on  the  ground 
because  the  soil  will  be  temporarily  poisoned  by  the  fumlgant. 
If  the  fumigating  is  being  done  outside,  stack  the  sacks  on  a 
large  sheet  of  plastic.   Make  sure  the  plastic  Is  larger  than 
the  grain  stack  on  all  sides. 

.    T^ke  a  500  gauge  plastic  sheet.    The  sheet  must  be  large  enough 
to  cover  the  stack  completely  and  be  held  to  the  ground  tightly. 
If  necessary*  you  can  overlap  and  tape  smaller  sheets  together 
to  make  a  large  enough  sheet* 

*   Check  the  sheet  to  make  sure  there  are  no  holes  Hn  It*  You 
can  do  this  by  holding  It  up  to  the  light.   Mend  any  holes  or 
tears  with  tape. 

Spread  the  right  number  of  tablets  around  the  sacks.  Spread 
the  tablets  around  so  that  they  do  not  touch  each  other. 

.    IMMEDIATELY  COVER  THE  STACK  WITH  THE  PLASTIC  SHEET. 


.   Make  sure  the  edges  of  the  sheet  are  sealed  tightly.    Use  loose 
sand,  sand  bags,  poles,  etc.    to  hold  the  sKeet  down. 


OR 
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.    Keep  the  doors  and  vrtndows  open  If  you  are  fumigating  Inside 
a  building.    (This  Is  of  course  true  only  when  you  are  fumi- 
gating under  a  plastic  sheet  Inside  a  building  —  not  when  you 
are  fumigating  an  entire  building.    In  this  case,  you  would 
want  to  close  the  doors  and  windows  tightly.) 

.    Oo  not  let  anyone  enter  the  fumigation  area. 

.    Leave  the  stack  under  fumigation  for  at  least  5  days.  Some 
PHOSTOXIN  U5.ers  prefer  to  remove  the  sheet  while  wearing  a 
gas  mask.    Out  a  gas  mask  Is  not  necessary.  If  you  follow 
these  simple  suggestions:    lift  the  plastic  sheet  at  one 
corner  using  a  long  pole.    This  means  that  If  there  Is  any 
gas  still  under  the  sheet.  It  will  not  hit  you  In  the  face 
when  you  lift  the  cover.   Uave  the  stack  as  It  Is,  with 
the  one  corner  lifted  up,  for  1  or  2  hours. 

.    Remove  the  plastic  sheet  after  1  or  2  hours  If  there  is 
no  strong  smell. 


NOTE:    One  characteristic  of  PHOSTOXIN  which  makes  it  relatively  safe 
for  farmers  to  use  Is  the  very  strong  smell  associated  with 
PHOSTOXIN.    The  smell,  which  starts  being  released  almost 
Innedlately,  Is  a  good  warning  to  users  because  the  smell  Is 
noticeable  before  the  gas  reaches  a  poison  strength  which  can 
kill  or  hurt  people. 
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FUMIGATING  STORED  SRAlNjN  SMALL  METAL 
CONTAINERS  OR  SILOS 


r 

.    Use  3  tablets  or  12  pellets  of  PHOSTOXIN  for  each  4,400kg. 

.   Make  sure  the  emptying  chute  and  filling  holes  are  sealed.  A 
thick  coating  of  grease  will  make  a  good  seal. 

.   Check  to  make  sure  bolt  holes  and  seams  of  a  water-tank  bin 
are  sealed.    You  can  seal  these  with  bitumen  or  melted  wax  If 
you  are  not  sure  they  are  tight. 

.    If  the  grain  level  In  the  bin  Is  no  more  than  6m,       you  can 
spread  the  tablets  only  on  top  of  the  grain. 

.    Spread  the  tablets  as  you  pour  In  the  grain  only  If  the  grain 
can  be  sealed  up  within  4  hours.    Rem«nber  to  place  the  tablets 
In  an  open  envelope.    In  a  larger  silo,  you  can  build  up  the 
grain  to  a  level  of  5m      and  then  start  putting  In  tablets. 
Continue  putting  In  grain  and  tablets  until  finished.  Start 
counting  4  hours  from  the  time  the  first  tablets  are  put  In. 

.    Seal  the  manhole  just  as  soon  as  al^  the  grain  and  tablets  are 
Inside. 

.    MAKE  SURE  THE  MANHOLE  IS  TIGHTLY  CLOSED.    USE  A  THICK  COATIHG 
OF  GREASE,  WAX,OR  CEMENT  MORTAR  TO  SEAL  IT. 

.    Leave  the  silo  unopened  for  at  least  5  days.    If  the  grain  Is 
not  needed,  keep  the  container  sealed  until  the  grain  Is 
needed . 

WARNING!    YOU  MUST  HAVE  THE  MANHOLE  SEALED  WITHIN  3  or  4  HOURS  OF 

  ADDfNG  VriE  PIRST  TABLET  OF  PHOSTOXIN.   PHOSTOXIN  5AS 

CAN  KILL. 


NOTE:    Metal  drums  are  good  containers  In  which  to  fumigate  grain.  Simply 
drop  In  the  correct  number  of  pellets  for  the  size  drum,  seal  It 
tightly,  and  wait  for  S  days. 
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STORING  IN  EARTHEN  STRUCTURES 


Fanners  for  thousands  of  years  have  been  storing  grain  In  bins  and  other 
conulners  made  of  clay.    Earth  Is  available  and  easy  to  use. 

More  recently,  there  has  been  Interest  In  Improving  mud  granaries  to  make 
them  more  airtight  and  waterproof.  This  Is  especially  Important  n  areas 
where  Insecticides  are  hard  to  get  and  where  there  Is  a  lot  of  rain. 

The  Pusa  Bin,  which  Is  discussed  here,  was 
developed  In  India.    It  Is  made  of  mud 
bricks.   The  walls  are  made  by  sealing 
a  layer  of  plastic  sheet  between  two 
layers  of  mud  bricks.   The  mud  bricks 
protect  the  plastic  from  holes.  The 
plastic  keeps  air  and  moisture  out. 

Advantages : 

.    It  Is  an  airtight  storage 
structure. 

.   The  materials  are  often  avail- 
able locally. 

Disadvantages: 

.    Plastic  sheets  are  sometimes  hard  to  get  or  expensive. 
.    It  must  be  protected  from  rain  by  a  separate  roof. 
.   Sealing  the  plastic  sheets  may  be  a  problem  for  a  farmer. 
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THE  IMPROVED  MUD  BLOCK  SILO 


The  other  plan  presented  here  Is  the  Improved  mud 
silo,  and  Is  based  on  a  plan  prepared  In  Ghana. 
VITA  artist,  George  Clark,  provided  the  Illustra- 
tions. 

The  silo  is  ma(j|e  of  mud  bricks.   This  silo  was 
Improved  by  plastering  and  painting  the  walls. 
Plaster  Is  usually  composed  of  cement,  lime 
and  sarid.   Mud  plasters  also  can  be  used.  Both 
mud  and  plaster  may  not  stick  to  the  brick  walls 
for  long  periods  of  time.    Mud  plaster  sticks 
better  for  a  time,  but  heavy  rains  can  wash  It 
away.    Efforts  have  been  made  to  mix  the  mud 
with  a  stabilizer  such  as  cement,  or  bitumen; 
this  seems  to  work.   Also,  to  make  the  plaster  stick 
be  added  to  the  mud  used  to  make  the  bin  walls. 

Local  material  also  can  be  used  to  paint  and  coat  the  outer  walls.  Some 
materials  which  can  be  tried  on  the  walls  are: 

asphalt  resins 

organic  oils  ox-blood 

paints  \ 

These  coatings  last  only  a  year  or  so,  but  they  are  cheap,  available,  and 
easy  to  put  on.    See  Appendix  0  for  Information  on  how  to  find  and  use  local 
materials  to  waterproof  soil  construction.   When  looking  for  a  coating  for  an 
Improved  mud  silo,  the  farmer  should  remember  he  Is  looking  for  a  material 
which: 

is  water-repel  1  ant. 
.    sticks  to  the  walls. 

.    lasts  long  enough  so  he  does  not  have  to  re-apply  often. 

The  Improved  mud  silo  presented  here  has  the  following  advantages  and 
disadvantages: 

Advantages 

.    The  materials  are  cheap. 

.   Airtight  storage  can  be  achieved  or  nearly  achieved. 
If  the  farmer  Is  not  sure  the  silo  Is  airtight,  he  can 
add  Insecticide  to  the  grain. 
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.    The  emptying  chute  allows  small  amounts  of  grain  to 
be  taken  out  without  unsealing  the  top  of  the  bin. 

.    It  can  be  made  In  a  number  of  sizes. 

Disadvantages 

.    It  requires  regular  painting  or  whitewashing. 

.    It  may  not  be  water>t1ght  to  prevent  grain  rewettlng. 

Since  these  earthen  structures  seem  to^e  more  easily  made  by  small 
farmers  than  the  metal  bins,  the  construction  plans  are  given  In  more 
detail.   The  mud  silo  presentation  Includes  a  set  of  Instructions  for 
use  of  the  silo. 
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THE  INOIAN  PUSA  BIN 


The  Pusa  Bin  was  developed  In  India  by  members  of  the  Agricultural 
Research  Institute  In  New  Delhi.    It  Is  relatively  sImpU  and  Inexpensive 
to  construct  and  maintain.   This  bin  Is  double-walled  atl  the  way  round 
including  the  floor  and  roof       with  a  separating  layer  of  plastic 
sheet.   The  plastic  protects  against  moisture  and  keeps  air  from  entering 
the  stored  grain. 

Protect  the  bin  from  rain.    If  the  bin  Is  not  erected  under  a  shed  and  It 
rains  often.  It  will  require  too  much  repair  and  rebuilding*  and  the  grain 
may  get  wet  and  mold.   However*  complete  shading  from  the  sun  Is  not 
necessary  because  mud  walls  do  not  hold  heat.   This  Is  one  advantage  of 
a  mudblock  structure  over  a  metal  bin. 
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ImUon  PuACL  Bin 


In  India,  rats  cause  great  storage  losses.  For  this  reason.  In  this  plan 
the  bottom  50cm  of  the  outside  wall  and  the  first  layer  of  the  floor  slab 
are  made  of  fired,  or  "burned" ,  bricks.  These  bricks  are  harder  than 
un-flred  bricks,  like  mudblocks,  and  rats  and  mice  cannot~gnaw  ^rottgh^the 
bin  walls  or  burrow  up  underneath  the  floor  to  get  to  the  grain.  Another 
way  to  keep  out  rats  and  mice  is  to  use  sheet  metal  over  whatever  kind  of 
non-hardened  material  you  use.  In  the  same  places. 

This  plan  uses  an  Insulating  layer  of  plastic  sheet.   The  Pusa  Bin  Is 
airtight  and  waterproof  only  If  the  plastic  sheet  Is  made  and  used 
correctly.    The  plastic  sheet  used  should  be  at  least  700-gauge  thickness, 
to  resist  tears  and  punctures. 

If  plastic  sheet  Is  not  available  or  If  It  Is  too  expensive,  some  other 
form  of  waterproofing  will  be  needed  in  warm  rainy  areas.    Check  out  what 
Is  available  locally.   Tarfelt  --  heavy  paper  Impregnated  with  tar  -- 
can  be  used.    Experiment  with  bricks  containing  cement.    Try  painting  the 
bin  with  asphalt,  coal  tar  or  any  other  local  waterproofing  substance. 
See  Appendix  D,  "Waterproofing  Soil  Construction."    Remember,   the  bottom 
of  the  bin  must  be  waterproofed  to  stop  migration  (seeping)  of  moisture 
from  the  earth  below. 

This  plan  Is  for  a  2  metric  ton  bin.    You  may  vary  the  size  of  the  bin 
to  fit  your  needs.    Make  sure  you  build  a  strong  enough  roof  support  frame 
for  larger  bins. 


READ  THt  INSTRUCTIONS  THROUSH  BEFORE  YOU  BESIN 


Tools  and  Materials 

.    mudblocks  and  mud  mortar  for  the  walls.    If  you  make  blocks 
10  X  10  X  20an  you  will  need  about  900-1000  of  them. 

.    wood  to  make  a  form  for  making  mudblocks 

.    fired,  or  "burned,"  bricks,  concrete  bricks  or  bricks  of  some 
other  hard,  rat-proof  material  for  the  floor  and  lower  50cm 
of  the  walls.    You  will  need  about  250  of  them. 
OR 

some  sheet  metal  to  cover  mudblocks  for  the  same  purpose.  You 
win  need  6-6  1/2  square  meters,  allowing  for  overlapping  of 
sections.    If  you  use  sheet  metal  Instead  of  hard  bricks,  add 
250  mudblocks  to  the  number  given  above. 

.    cement  mortar  If  you  use  fired  bricks 

.    about  g^square  meters  of  700-gauge  plastic  sheet  for  moisture- 
proofing  the  bin.    Or  the  same  area  of  tar-paper,  or  a  suitable 
vnount  of  Waterproofing  material  to  give  a  good,  thick  coating 
or  several  coatings. 
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.    a  piece  of  Iron  bar  to  heat  and  seal  seams  In  the  plastic 

.   viood  or  another  strong  material  for  mak1ng~aT^6of^ppoft  ~ 
frame  ^ 

.    sheet  metal  or  plastic  pipe  for  an  emptyl ng~spout .  Coated~ 
wood  will  also  work. 

.    some  wax  or  similar  material  to  seal  some  Joints 

.   mud  for  making  roof  slabs 


Select  a  site. 

.    Choose  a  place  that  Is  as  high  and  dry  as  possible.    It  Is 
better  to  build  up  the  earth  a  little  for  extra  protection 
against  collecting  rainwater.    Level  and  firmly  tamp  down 
the  earth. 

.    Make  the  foundation  area  at  least  1  1/2  x  2m. 


Make  mudblocks. 

.    Use  the  hard  earth  beneath  the  topsoll  to  make  mudblocks. 
If  the  soil  In  your  area  does  not  have  a  high  clay  content, 
you  may  be  able  to  mix  a  little  cement  In  with  1ow-c1^  soil 
to  make  good  mudblocks. 

.    A  wood  form  can  make  several  mudblocks  at  a  time. 

.    If  you  use  blocks  measuring  10  x  10  x  20cm  you  will  need  about 
900-1000  mudblocks.    If  you  are  going  to  use  sheet  metal  Instead 
of  fired  bricks  to  protect  against  rats  and  mice,  add  250  more. 


Make  the  floor  of  the  bin. 

.    Lay  down  a  platform  of  fired  bricks  or  other  hardened  bricks, 
and  cement  mortar,  measuring  about  120  x  160cm. 
OR 

Lay  3own  a  layer  of  sheet  metal  and  place  a  layer  of  mudblocks 
and  mud  mortar  on  top  of  It,  to  the  same  measurements.  Use 
flattened  kerosene  tins  or  any  available  sheet  metal.  Overlap 
an  the  pieces.   Make  the  outside  edges  stick  out  at^ut  15cm 
beyond  the  outside  edges  of  the  block  platform  that  will  be 
laid  on  top  of  It. 

.   Allow  about  1cm  thickness  of  mortar  between  either  kind  of 
brjck,  for  a  good  bond. 
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.    Place  a  layer  of  plastic  over  the  bricks,  or  whatever  vjater- 
-~  — proo^f ing^  iMterial^ujire  using.    It  should  extend  a  few 

centimeters  beyond  each  edge^oTthe  layer-of  bricks.  _ 

.    Lay  down  a  layer  of  mudblocks  and  mortar  on  top  of  the  plastic, 
the  same  size  as  the  first  brick  layer. 


4.       Build  the  Inner  walls. 

.   The  Inner  walls  may  be  made  entirely  of  mudblocks  and  mortar. 

.    Make  the  outside  edges  of  the  walls  the  same  as  the  outside 
edges  of  the  floor. 

.    Build  an  emptying  spout  Into  the  first  layer.    Fom  something 
like  galvanized  tin  Into  a  tube  about  9  or  10cm  In  diameter, 
or  use  a  plastic  pipe  the  same  size.    Fit  one  end  flush  against 
the  Inside  of  the  wall.   Make  It  long  enough  to  extend  past 
where  the  outside  edge  of  the  outer  wall  will  be.   You  may 
tilt  It  downwards  slightly  towards  the  outside  for  easier  exit. 
Mortar  It  Into  the  wall.   You  will  need  a  tight-fitting  xap 
on  the  end  of  the  spout. 
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.   lay  the  blocks  so  that  each  one  crosses  over  a  joint  between 
blocks  In  the  layer  below  It.   This  will  make  the  walls  stronger. 


.    Build  the  walls  to  a  total  height  of  about  160cm  —  bCtt  wait 
__  until  Installing  the  roof  support  frame  (next  step)  before 
putting  In  the  final,  layer. 

'  -  -       —     *  -  * 


Install  a  roof  support  frame. 

.   Use  wood  that  Is  naturally  termite  proof,  or  coat  It  with 
something  to  protect  It  against  these  and  other  Insects. 
Metal  or  reinforced  concrete  bars  can  be  used^  but  they  will 
be  more  expensive.   The  roof  must  have  strong  support:  use 
the  best  available  material. 

.   Use  four  pieces  as  long  as  the  distance  between  the  outside 
edges  of  the  Inner  wall      two  pieces  about  120cm  and  two  about 
160cm.   Wood  should  have  at  least  a  5  x  5cm  cross  section. 
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Form  the  frame  In  a  double-cross 
pattern.    Interlock  wood  joints. 
One  of  the  corner  spaces  should 
measure  about  50  x  50an,  for  a 
manhole  entrance. 


"Position  the  frame  on  top  of  the 
next- to-last  layer  of  blocks  In 
Inner  wall.   Raise  the  ends  up 
on  some  mortar  so  the  top  surface 
of  the  frame  will  be  at  the  same 
height  as  the  top  surfaces  of  the 
final  layer  of  mudblocks. 
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Mortar  the  frame  and  the  blocks  for  the  top  layer  of  the  wall 
Into  place.    Hake  a  smooth  top  surface  on  the  wslls. 


6.       Build  the  inner  roof. 

.   Hake  mud  slabs  5cm  thick  for  the  inner  roof. 

*        *  + 

.    You  may  make  one  or  more  to  cov,er  each  space  in  the  support 
frame,  depending  onhow  strong  the  slabs  are.    They  will  have 
to  support  anci^her  niyer  of  mud  slabs  the  same  thickness  when 
the  bin  is  comprete.    It  would  be  best  to. extend  them  to  the 
outside  edges  of  the  inner  wall  for  firm  support.    Sections  of 
tightly  stretched  wire  mesh  fastened  to  the  support  frame 
would  provide  extra  support  for  the  slabs. 
'  ■  •  .  '* 

.    Position  the  slabs  6n  mortar  applied  to  the  support  frame  and 
the  tops  of  the  walls.    Uave  the  50  x  50cm  manhole  open. 

.    Fill  any  spaces  between  the  slabs  with  mortar. 


7.       Plaster  the  tnside. 

.    Plaster  the  ins  ides  of  the  walls  and  the  roof,  and  the  surface 
of  the  floor  with  a  smooth  coating  of  mud  or  mortar.   This  will 
leave  no  place  for  insects  or  dirt  to  lodge. 


8,       Hake  and  install  a  plastic  cover. 

.  Measure  the  outside  dimensions  of  each  of  the  four  walls  and 
the  roof.  •  ■  V  • 

.    Cut  pieces  of  plastic  sheet  to  cover  each  of  the  five  surfaces. 
Each  piece  should  be  cut  a  little  larger  than  the  surface 
which  it  will  cover  --  at  least  5cm  overhang  on  each  edge. 
The  bottom  edges  of  the  sides  must  reach  a  few  centimeters 
beyond  the  plastic  sticking  out  from  the  floor. 

.  Fasten  the  pieces  together  in  a  box  shape.  Keep  in  mind  the 
right  arrangement  of  pieces  so  that  when  the  ctrver  is  placed 
over  the  bin  it  will  fit. 

.    Seal  the  edges  of  the  plastic  together  with  a  heated  piece  of 
iron  bar.    Lay  one  edge  over  another  and  pass  the  iron  over 
them.    Make  sure  th?  iron  is  not  too  hot:   it  should  "not  melt 
the  plastic,  but  just  seal  it  together.   Hake  sure  you  have  a 
good  seal.    Practice  making  seams  on  small  scraps  of  plastic 
first.    Find  the  right  temperature  for  the  iron. 
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Hake  sure  there  are  no  rough  edges  of  blocks  or  mortar  on  the 
walls  or  roof  that  will  damage  the  plastic. 

Pull  the  cover  all  the  way  down  over  the  Inner  structure  of  the 
Sin.    If  It  Is  too  small  you  will  have  to  re-make  It;  you  may 
be  able  to  re-work  the  seams.    It  does  not  matter  If  the  cover 
is  too  large. 

Cut  a  hole  In  the  plastic  around  the  emptying  spout.    Seal  It 
to  the  spout  with  something  like  soft  wax.   This  should  make 
an  alr^  and  water-tight  seal. 

31o 
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Seal  the  bottom  edges  of  the  wall  pieces  to  the  edges  of  the 
plastic  In  the  floor, 

,   Cut  a  diagonal  silt  through  the  plastic  across  the  manhole. 


Build  the  outer  walls. 


,    Begin  the  walls  from  the  earth  -foundation.    Build  th^  right 
up  against  the  plastic  over  the  Inner  walls, 

,   Use  fired  bricks  or  other  hardened  bricks  and  cement  mortar  for 
the  lower  SOon  of  the  outer  walls 

OR  _ 

Use  mudblocks  and  mud  mortar  instead,  building  them  up  on  the 
metal  sticking  out  from  under  the  floor.   Cover  them  to  a  height 
of  50cm  with  overlapping  pieces  of  sheet  metal.   Mortar  or 
otherwise  securely  fasten  the  metal  In  place.   Make  a  good  Joint 
with  the  metal  sticking  out  from  under  the  floor. 
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.  Continue  the  outer  walls  with  mudblocks  and  mud  mortar. 
Build  them  up  to  the  top  surface  of  the  Inner  roof.  If 
there  Is  any  difference  In  height,  fill  with  mortar. 


10.      Build  the  outer  roof. 

.    Place  Son-thick  mud  slabs  over  the  plastic  sheet  on  top  of 
the  Inner  roof,  mortaring  them  In  place,  out  to  the  outside 
edges  of  the  outer  walls.   They  may  be  any  size  across t  as 
long  as  they  are  strong. 

.    Do  not  cover  the  manhole.   Make  a  separate  mud  slab  to  fit 
over  it. 

.    Fill  in  spaces  between  the  slabs  with  mortar. 


11 .  Finish  the  bin. 

.    Plaster  the  outer  roof  and  sides  with  a  smooth  layer  of  mud 
or  mortar. 

.    Let  the  entire  structure  dry  thoroughly.   This  will  take  about 
thirty  days.    Leave  the  manhole  cover  off  during  the  drying. 

.    A  coat  of  whitewash  put  on  after  drying  would  help  reflect  the 
sun's  heat  and  add  further  waterproofing. 

.    Build  a  shelter  over  the  Pusa  Bin  to  protect  If  from  the  rains. 
Make  it  at  least  a  half  meter  larger  than  the  bin  on  all  s1des» 
and  high  enough  to  give  plenty  of  room  to  load  grain  and  get 
In  and  out  the  manhole.   There  1s  no  need  to  enclose  the  sides 
of  the  shelter, 

12,  Prepare  and  use  the  bin  for  storage. 

.   When  the  bin  Is  dry»  cle^^n  the  inside  thoroughly.    Light  a  small » 
smoky  fire  to  drive  off  Insects.   Take  both  of  these  steps  each 
time  you  get  ready  to  load  an  empty  bin. 

.    Dusting  the  Inside  surfaces  of  the  b1n»  and  also  the  gra1n»  will 
protect  the  grain  better. 

.    Cover  the  manhole  when  you  have  put  your  grain  Into  the  bin. 
Seal  It  with  extra  mud  or  mo"*tar  for  more  protection. 

.    Always  close  the  cover  of  the  emptying  spout  tightly  after  using. 

•    Check  the  grain  periodically* 

Store  only  grain  which  Is  dried  to  12-13%  moisture  content  In 
the  Pusa  Bin. 
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IMPROVED  MUDBLOCK  SILO 


READ  THE  INSTRUCTIONS  THROUGH  BEFORE  YOU  BEGIN 

Tools  and  Materials 

.    Rocks  about  20-25cm  across  for  the  foundation  of  the  silo. 

.    Flat  rocks,  as  wide  across  as  possible,  to  lay  across  the 
foundation. 

.    Sand  for  concrete  and  mortar. 

.    Small  stones  to  mix  In  with  the  concrete. 

.    2  bags  of  canent. 

.   Trowel  or  a  similar  tool  to  work  the  mortar  and  plaster 
mixes. 

.    Different  sizes  of  wood  boards.   The  sizes  are  shown  In 
each  part  of  the  Instructions  where  you  will  use  them. 

.    Earth  to  make  mudblocks.  — - — rr^^^s^s^ 


Nails  Cl. 8-2. 4cm  long). 

Pitch,  tar,  or  other  waterproofing 
material . 


Select  a  Site 


Find  some  solid  ground  on  whtch 
to  build  the  silo. 


High  ground  Is  best. 


Make  sure  the  silo  Is  built  in 
a  place  where  the  ground  under* 
neath  it  will  not  wash  away 
during  a  rainy  season. 
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1 .   Make  a  Form  to  Mold  Mudblocks 

.    Use  wood  boards  about  2.5cm  thick. 

.   You  will  need:    2  boards  46cm  x  10cm 

4  boards  10cm  x  15cm 

.    Line  the  2  long  boards  up  side  by  side. 

.    Nail  the  4  small  boards  crossways  between  them.    Place  the 
small  boards  so  that  the  distance  between  the  2  long  boards 
is  15cm.    Leave  10cm  space  between  each  of  the  small  boards. 
Place  the  first  small  board  about  2.5cm  In  from  the  ends 
of  the  long  boards.   This  should  leave  about  the  same  amount 
of  space  on  the  other  end. 

.   Make  handles.   Use  2  small  pieces  of  wood  2.5cm  thick  that 
are  IScm  long  and  about  5cm  wide.    Nail  one  across  each 
end  of  the  box. 


2.   Make  Mudblocks 


Mix  earth  and  water  to  make  the  same  kind  of  mud  you  use  to 
build  any  building. 


Wet  the  form. 

F111  the  form  with  mud. 

Pack  the  mud  tightly  Into 
the  form. 

Take  any  extra  mud  off  the 
top. 

Lift  the  form  carefully  off 
the  mudblocks. 


Dry  the  blocks  In  the  sun. 
Make  about  300  blocks. 
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Make  Frame  "A"  for  the  Outside  of  the  Topslab 

»   To  make  this  topslab  you  must  make  4  wood 
frames.    Later  you  will  pour  concrete  Into 
these  frames. 


Prepare:  2  boards,  2.5cm  x  5cm  x  1.2m 
2  boards,  2.5cm  x  5cm  x  1.1m 
4  boards,  2.5cm  x  5cm  x  51cm 

Nail  the  4  longer  boards  together.  Butt 
the  ends  of  the  1.1m  boards  up  against  the  ends  of  the  1.2m 
boards.   When  the  frame  Is  lying  on  the  groundjthe  2.5cm  edges 
of  the  boards  should  be  facing  up. 

Nail  these  cross  pieces  In  place  from  the  inside.   The  2.5cm 
edges  of  these  boards  should  also  be  facing  up  when  the  frame 
Is  lying  on  the  ground. 

Cut  the  ends  of  the  4  short  boards  at  a  45  degree  angle. 
Then  they  will  fit  easily  across  the  corners  of  the  large 
square  frame. 


ROARO  NAU-fiD  ACROa*  ^ 

OFF  CjOVEA 


FRAME.  A 
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4.    Hake  Frame  "6"  for  the  Hanhole 

.    Prepare:    2  boards,  2.5  x  8cm  x  AScm 
2  boards.  2.5  x  8rm  x  40cin 

.   Cut  part  of  the  face  off  each  end  of  the  4  boards: 
This  will  make  a  slanted  face. 

.    Nail  the  4  boards  together.   Face  the  slanted  sides  out- 
ward.  Butt  the  ends  of  the  40cm  boards  up  against  the 
einds  of  the  45cni  boards. 


in 


45 


FRAME.  B 
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Hake  Frame  "C"  for  the  Collar 

s 

,    Prepare:    2  boards  2.5cm  x  2.5cm  x  53cm 

1  board,  2.5cin  x  2.5an  x  56cm 

1  board,  2.5cm  x  2.5cm  x  66  cm 

,    Nail  the  A  boards  together.   Butt  the  ends  of  the  56cffl  board 
up  agalr.st  an  end  of  each  of  the  53an  boards.   Butt  the  other 
ends  of  the  56an  boards  up  against  the  66an  board,   leave  5cin 
of  the  66cm  board  sticking  cut  on  one  end. 


Hake  Frame  "0"  for  the  Manhole  Cover 

.    You  win  need:    2  boards,  2.5cm  x  5cm  x  61cr> 

2  boards,  2.5  x  5cm  x  56rm 

,   Nail  the  4  boards  together.    Butt  the  ends  of  the  2  shorter 
boards  up  against  the  ends  of  the  2  longer  boards. 
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7.    Mix  the  Concrete  and  Pour  it  into  the  Wood  Frames 

.    Mix  the  concrete  in  a  proportion  of:  1  part  cement  (out  of  the  bag) 

2  parts  sand 

3  parts  small  stones 

Remember  to  mix  the  dry  ingredients  first.    Then  add  the  water» 
a  small  amount  at  a  time  until  the  mixture  is  correct. 

.    Cover  a  flat  place  on  the  ground  with  empty  cement  bags  or 
sheets  of  heavy  paper  or  plastic.    These'will  keep  the  concrete 
from  sticking  to  the  ground. 

Wet  the  empty  bags  or  whatever  you  are  using.   This  will  keep 
the  concrete  from  sticking  to  them. 

Put  Frame  A  on  top  of  these. 

.    Place  Frame  B  in  the  middle  of  Frame  A.    Make  sure  each  side  of 
Frame  B  is  the  same  distance  from  each  side  of  Frame  A.  The 
thin  edges  of  Frame  B  should  be  facing  down. 

.    Begin  pouring  concrete  mix  int*?  the  space  between  Frame  A  and 
Frame  B^    The  open  space  Ins^loie  of  Frame  B  will  be  the  man- 


.    When  you  have  poured  in  about  half  the  thickness  all  the  way 
around,  lay  in  the  metal  rods. 

.    Pour  the  rest  of  the  concrete  mix  over  the  rods. 

Make  sure  the  rods  are  in  the  concrete.    They  should  not  show 
through  the  concrete.   IT  you  do  this  r1ght»  the  rods  will  help 
make  the  concrete  much  stronger. 


hole. 


FRAME C 
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.    Level  the  concrete  even  with  the  top  of  Frame  A.    Frame  B  will 
stick  up  2.5cm  above  the  wet  concrete. 

.    Place  Frame  C  around  Frame  B  on  top  of  the  wet  concrete.  The 
space  between  the  two  frames  must  be  the  same  on  every  side. 

.    Pour  concrete  mix  Into  the  space  between  Frame  B  and  Frame  C. 
Make  the  top  of  the  concrete  level  with  the  tops  of  the  ?  frames. 
This  win  form  a  collar  for  the  manhole  cover  to  rest  on. 

.    You  are  now  ready  to  use  Frame  D  to  make  a  separate  piece.  This 
win  be  the  manhole  cover. 

.    Place  Frame  D  on  some  empty  cement  bags  or  sheets  of  heavy,  paper 
or  plastic. 

.    Wet  the  empty  bags  or  whatever  you  are  using. 

.    Pour  concrete  mix  Into  Frame  D.    Level  off  the  top  of  the  concrete 
to  the  top  of  the  frame. 

.    Leave  all  the  frames  around  the  concrete  for  at  least  3  days. 
The  concrete  will  become  even  stronger  1f  you  can  leave  It  for  ^ 
several  more  days. 

.    While  the  concrete  Is  drying^  put  water  on  It  3  times  each  day 
at  morning,  noon, and  night.    Putting  water  on  the  concrete  like 
this  will  make  It  harden  evenly  and  not  crack.   This  Is  called 
"curing." 

.    When  the  concrete  is  "cured,"  remove  the  wood  frames.  Remove 
them  carefully^so  you  can  use  them  again. 


FRAMe  A 


CONCRETE 


7 


5>eCTlON  J5.  A.  THROUGH  TOPSUAa 
WITH  FORMS  l^4PLAC£  AFTE,R  POURIWG 

CowcRe-re.. 
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8.    Make  the  foundation  ^ 

.    Draw  a  circle  on  the  ground  where  you  want  to  build  the  silo* 
Make  the  circle  1*2m  across* 

.    Place  the  20an  or  25cm  rocks  around  the  c1rcle*just  Inside  the 
edge,  and  Inside  the  circle.    You  may  fill  In  the  larger  spaces 
with  smal^ei^  rocks  to  give  more  support*    The  air  spaces  between 
the  rocks  will  let  air  move  through  the  foundation  and  will 
keep  moisture  from  collecting* 

.    Place  flat  rocks  on  top  of  the  circle  of  rocks.    This  will  make 
the  top  more  level . 

.    If  you  cannot  find  good  flat  rocks,  you  may  use  concrete  blocks. 

Place  thftm  the  same  way  as  you  would  the  flat  rocks*  Place 

them  so  they  come  right  up  to  the  edge  of  the  circle  of  rocks, 
or  overhang  slightly. 

.    Make  some  mortar  by  mixing  1  part  cement  and  5  parts  sand  to- 
gether.   Add  enough  water  to  make  a  workable  paste. 

.    Put  mortar  over  the  flat  rocks  or  boards.    Fill  all  open  spaces. 
Make  the  surface  as  smooth  as  you  can.    This  will  cement  the 
top  of  the  foundation  Into  a  solid  piece. 

.    Find  the  center  of  the  foundation* 

*  Mark  off  a  91cm  diameter  circle  from  the  center.    This  is  the 
inside  diameter  of  the  s1lo» 

9*    Build  the  Grain  Chute  (Optional) 

.    Use  hard  wood  about  2.5cm  thick. 

*  Prepare;    ]  boari,  2.5  x  15  x  30cm      for  the  top  of  the  chute. 

1  boards  2.5  x  15x25cm  -  for  the  bottom  of  the  chute. 

2  boards,'  2.5  x  10cm  that  are  25cm  long  on  one  edge  and 

30cm  long  on  the  opposite  edge*    These  are 
for  the  sides  of  the  chute* 
1  board,  2.5cm  thick,  at  least  13cm  wide,and  20cm  or 
25an  long*    This  is  for  the  sliding  door 
in  the  chute* 

.    Place  the  edge  of  the  sliding  door  board  on  one  of  the  side  boards 
Scm  in  from  the  short  straight  end*    Trace  the  width  of  this  edge 
onto  the  side  board.    Make  a  groove.    Remove  the  wood  between  the 
2  lines  you  have  traced  to  a  depth  of  about  6nvn*    Make  each 
surface  of  the  groove  as  smooth  and  as  straight  as  you  can* 
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Repeat  this  process  on  the  other  side  board.  The  groove  should 
be  In  the  same  place  on  each  side  board. 


GRAIN 


Cut  the  top  board  Into  two  pieces.   One  piece  should  be  5cm 
long.   This  will  fit  the  space  between  the  front  of  the  chute 
dnd  the  beginning  of  the  groove  for  the  sliding  door.   Match  the 
edge  of  the  remaining  piece  with  the  far  end  of  the  groove.  Cut 
the  length  of  the  top  piece  as  needed  to  match  the  length  of  the 
side  piece. 

Nail  the  top  and  sides  and  bottom  of  the  chute  together. 

Trim  the  width  of  the  sliding  door  board  so  that  It  will  slide 
through  the  opening  In  the  top  of  the  chute  down  the  grooves. 
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You  may  have  to  trim  the  long  sides  of  the  opening  too  If  the 
sliding  door  Is  too  thick.    The  sliding  door  should  move  freely 
up  and  down  but  should  not  be  too  loose. 

Cut  the  bottom  edge  of  the  sliding  door  at  an  angle  so  that  only 
a  thin  edge  will  touch  the  bottom  of  the  chute.   This  edge  will 
face  the  outside  of  the  silo.   This  will  make  It  eesler  to  keep 
grains  from  lodging  under  the  closed  door  w|i1ch  iplght  let  air 
and  moisture  and  Insects  Into  the  silo. 

Paint  the  chute  and  the  sliding  door  with  pitch  or  tar  or  some 
like  materiaV  to  protect  It  from  insects  and  moisture. 

,    Drive  a  few  nails  Into  the  chute  near  Its  slanted  end.    They  should 
stick  out  a  couple  of  centimeters.    The  nails  will  help  anchor  ihe 
chute  into  the  walls  of  the  silo.  -  ' 

10.    Begin  the  UaUs 

■  , 

.    Make  mortar  the  same  way  you  did  for  the  top  of  the  foundation. 
It  is  better  to  mix  smaller  amounts  until  you  know  how  fast  you 
can  use  it.    Do  not  use  mortar  that  has  gotten  too  dry  because 
it  will  not  be  as  strong. 

.  Lay  down  a  layer  of  mortar  all  around  the  Inside  edge  of  the 
circle  you  have  drawn  on  the  top  of  the  foundation.  Make  It 
about  10cm  wide.  ,  - 

Place  about  18  mudblocks  In  a  circle  on  top  of  the  mortar.  Leave 
a  space  for  the  chute*  including  the  nails  that  are  sticking  out 
from  it. 

.    Place  the  chute  in  the  space  you  have  left.   The  slanted  end  of 
the  chute  should  be  even  with  the  Inside  surfaces  of  the  blocks 
next  to  it  and  straight  up  and  down.    This  will  make  the 
chute  tilt  down  away  from  the  s11o  wall.  - 
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Fill  the  spaces  between  the  mudblocks  and  the  spaces  between  the 
mudblocks  and  the  chute  with  mortar. 

Lay  down  a  layer  of  mortar  on  top  of  the^clrcle  of  mudblocks. 

Place  the  second  layer  of  mudblocks  on  top  of  the  first.  Place 
each  block  so  that  It  lays  across  the  space  between  the  blocks 
In  the  first  layer.    This  will  make  the  wall  stronger.  You 
may  have  to  cut  blocks  to  fit  next  to  the  chute.   Do  not  leave 
a  large  space  that  will  have  to  be  filled  with  mortar  next  to 
the  chute. 

Continue  putting  on  mortar  and  mudblocks  In  the  same  way  until 
you  have  laid  down  4  layers  of  mudblocks  altogether. 


Make  a  Slanted  Floor 

.  Use  sand  or  soil  to  make  a  slanted  floor*  This  will  help  the 
grain  move  towards  and  out  of  the  chute.  If  the  chute  Is  not 
used,  this  slant  will  not  be  needed. 


MANHOLE  COVER 
TOPSLAB 


MUD  bLACK 
WAUL 


SE.CT10K1  V1E.W 

THROUGH 
MUD  BLOCK  SILO 


Pack  the  satid  or  soil  down 
hard. 

The  floor  should  be  30  cm 
above  the  bottom  of  the 
chute  at  the  place  opposite 
the  chute.    The  floor  near 
the  chute  should  be  even 
with  the  bottom  of  the 
chute.  ' 

Make  a  mix  of  plaster.  Use 
1  part  canent  (out  of  the  bag) 
to  3  parts  clean  sand  (mix  dry) 
Use  enough  water  to  make  a 
smooth  mix.    Do  not  make  It 
too  watery. 

Plaster  the  slanted  floor  and 
the  inside  of  the  mudblock  wall 
Make  sure  you  cover  all  the 
surfaces  completely. 

Plaster  carefully  around  the 
chute. 


Smooth  the  plaster  well  after  you  put  it  on.  This  will  make  cleaning 
easier  and  will  leave  fewer  spots  for  Insects  to  hide  in.  ^ 
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Keep  the  plaster  damp  until  It  Is  hard. 

Put  loose  sand  on  the  floor  after  It  If  dry..   This  will  keep 
drops  of  mortar  and  plaster  from  sticking  to  the  floor  as 
you  continue  working.. 


12.    Finish  the  Walls 

.    Tie  a  string  to  a  small  stone.    You  will  use  this  to  check 
the  stralghtness  of  the  walls  as  you  build  them.. 

.    Put  down  3  or  4  layers  of  blocks.    Use  mortar  and  arrange  the 
blocks  the  same  way  you  did  for  the  first  4  layers. 

.    Hold  the  string  at  the  top  end*  with  the  stone  hanging  down 
from  It  at  the  other  end. 

.  Hold  the  string  out  about  5cm  from  the  top  of  the  silo  walK 
The  sflo  wall  Is  straight  If  the  distance  between  the  string 
and  the  wall  Is  the  same  from  the  top  to  the  bottom. 

.    Continue  adding  layers  of  blocks  the  same  way  as  you  did  before. 
Check  every  3  or  4  layers  for  stralghtness.  , 

.    The  finished  silo  wall  should  have  about  14  layers  of  blocks. 

.    Mix  some  plaster  the  same  way  you  did  for  the  slanted  floor 
and  the  inside  of  the  first  4  layers  of  mudblocks. 

.    Plaster  the  Inside  and  the  outside  of  th6  silo  wall.  Remember 
to  put  the  plaster  on  very  smooth. 


13.    Place  the  Topslab 


/ 


.    When  the  mortar  and  the  plaster  In  tiie  silo  wall  are  dry  and 
strong,you  are  ready  to  place  the  ^bpslab  on  top      the  silo. 

.    Make  sure  that  Frames  A,  B^and  C  ^re  removed  from  the  concrete 
topslab. 

.    You  will  need  people  to  help  yqii  put  the  topslab  In  place. 

Mix  some  fr'esf?  mortar  (1  part  cement,  5  parts  sand,  and  water). 

.    Place  a  layer  of  mortar 'all  ground  on  top  of  the  silo  wall. 

Put  the  topslab  down  on  top 'of  the  mortar.  Many  people  can 
lift  the  topslab  together.  /One  person  can  stand  inside  and 
help.   He  can  get  out  throi/gh  the  manhole. 


ERIC 
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.    Remove  the  cover  from  Frame  0  and  place. 


Whitewash  the  Silo 

,   Apply  a  coating  of  whitewash  to  all  the  outside  surfaces  of 
the  silo.   The  manhole  cover  and  all  areas  of  the  topslab  and 
walls  should  be  covered. 

,   Whitewash  closes  small  openings  in  the  cement. 

.    Whitewash  helps  keep  the  silo  cooler  inside.    It  is  important 
to  keep  the  grain  cool  and  dry. 

.    Whitewash  will  also  make  your  silo  look  nice. 
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HOW  TO  USE  YOUR  MUDBLOCK  SILO 


.    Put  only  clean,  dry  grain  Into  your  silo. 

*    Wet  grain  will  rot  In  the  closed  silo.    It  will 
get  moldy. 

.    Wet  grain  will  make  the  silo  wet.    The  silo  walls 
will  crack  if  they  get  wet.    Your  grain  will  be 
no  good. 

.    Dry  your  grain  in  the  sun. 

.    Keep  the  grain  in  the  sun  or  in  the  dryer  until 
it  IS  dry. 

.    Test  the  grain  when  you  think  it  is  dry.  Put 
one  grain  between  your  teeth.    Dry  grain  is  very 
hard  to  break  with  your  teeth. 

.    Remember,  If  storing  maize  —  put  kernels  Into  the  silo  right 
after  you  remove  them  from  the  cobs.    Do  not  let  maize  stay  on 
the  cobs  after  you  remove  the  cobs  from  the  drying  place. 

.   When  the  grain  is  dry,  take  the  cover  off  the  manhole.    Put  the 
grain  into  the  silo  right  away.    Fill  the  silo  to  the  top. 

.    Stir  the  grain  in  the  silo  with  a  large  stick.    This  helps  the 
grains  settle. 

.    It  is  good  to  add  an  Insect  poison  to  the  grain  before  you  close 
the  silo.    Insects  are  always  present  in  grain.    Insect  larvae 
live  inside  the  kernels  where  they  can  not  be  seen.   Talk  to 
your  extension  worker  about  what  polsca  to  use  and  how  to  use  it. 

.    Remember^  poisons  can  ixill  animals  and  people.    Do  not  use  tnem 
before  you  talk  to  an  extension  worker. 

.    Put  the  cover  on  the  manhole  as  soon  as  possible.  Flying 

insects  can  enter  the  grain  if  the  cover  is  not  on  the  manhole. 

.    Put  mud  all  around  the  cover  so  nothing  can  get  Into  any  cracks 
between  the  cover  and  the  manhole. 

.    Make  sure  the  sliding  door  In  the  wooden  chute  closes  tightly. 

.    Make  sure  there  are  no  cracks  around  the  chute. 
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Put  mud  over  the  chute  to  protect  It  from  rodents  and  in- 
sects. 

Keep  the  area  around  thle  silo  clean.    Rats  do  not  like  to 
live  where  It  Is  clean. 

Check  your  silo  often.  Put  new  plaster  on  any  cracks  you 
find.  It  Is  Important  to  find  the  cracks  and  put  plaster 
on  them  right  away. 

Keep  the  silo  white.   The  white  color  keeps  the  silo  cool. 
Put  on  new  whitewash  when  the  silo  needs  It. 

You  may  have  to  use  the  chute  to  take  out  small  amounts  of 
grain  to  sell  or  eat.    Make  sure  you  close  the  sliding  door 
carefully.    Do  not  leave  It  open.    Reseal  It  with  mud.  If 
theft  is  a  problem,  the  chute  can  be  omitted  and  grain  will 
be  removed  from  the  top  of  the  silo. 

Oo  not  leave  grains  scattered  on  the  ground.   These  grains 
will  attract  Insects  and  rats. 

When  you  empty  the  silo,  make  sure  all  the  grain  Is  out. 
Grain  left  In  an  empty  silo  will  attract  InsecU  and  rodents. 

Clean  the  silo  well  before  you  fill  It  again.   You  can  burn 
a  small  fire  made  of  grass  iislde  the  silo.    This  kind  of 
fire  makes  a  lot  of  smoke.   The  smoke  and  heat  from  the 
fire  kill  insects  and  Insect  eggs. 

Sweep  out  the  ashes,  dust, and  old  grain. 

Mhen  your  s11o  is  clean  and  repaired,  you  are  ready  to  put 
the  next  crop  of  grain  into  the  silo. 


RIC 
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FERROCEMENT  FOR  GRAIN  STORAGE 


Materials  In  this  section  have  been  adapted  from  articles  In  Ferrocement: 
Applications  In  Developing  Countries. .  National  Academy  of  Sciences » 
Washington^  D.  C.»  Feb. »  1973;  and   from  "Hermetic  Storage  of  Rice  for 
Thai  Farmers  by  Smith,  Boon*Long»  Loo»  Nutalaya  and  Pataragetvit,  Thai 
Journal  of  Agricultural  Science,  July,  1971. 


Ferrocement  Is  a  icind  of  reinforced  concrete,    Ferrocement  Is  made  of 
wire  mesh,  sand,  water,  and  cement.    It  is  strong  and  durable,  i^onerally, 
ferrocement  structures  are  from  1cm  to  5cm  In  thickness*    The  reinforce- 
ment is  layers  of  steel  mesh  with  thin  steel  reinforcing  bars  placed 
between  the  layers.    Ferrocement  has  been  used  as  a  material  for  building 
boats  for  many  years.    Now  ferrocement  1s  being  used  with  increasing  success 
for  grain  storage  in  a  number  of  countries. 

Ferrocement  is  appropriate  for  building  structures  in  many  areas  of  the 
world: 

.    The  materials  to  make  1t  are  usually  available  all 
over  the  world. 

y.    It  can  be  made  into  almost  any  shape.    Therefore,  an 
^      improved  structure  can  be  made  which  looks  very  much  like 
the  old  one. 

.    It  is  cheaper  than  a  metal  bin,  in  some  places. 

.    Building  with  ferrocement  does  not  require  a  lot  of 
equipment  or  machinery. 

.    It  can  be  built  almost  anywhere,  even  in  isolated  locations. 

.    It  does  not  take  very  long  for  workers  to  learn  to  use 
ferrocement. 

.    It  needs  little  maintenance  after  completion.  Repairs, 
if  necessary,  are  easy  to  make. 
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MATERIALS  FOR  FERROCEMENT 


Reinforcing  Mesh 

Many  kinds  of  ntesh  will  work  as  long  as  the  mesh  can  be  shaped  easily  (Is 
flexible).    The  mesh  will  have  to  be  more  or  less  flexible  depending  upon 
the  shape  of  the  final  ferrocement  product.    If  the  ferrocement  is  to  be 
a  rounded  structure,  the. mesh  has  to  be  more  flexible  than  It  would  have 
to  be  for  a  straight-sided  container. 

For  grain  storage  uses,  chicken  wire  can  be  used  as  reinforcing  mesh. 
Chicken  wire  Is  usually  available,  though  In  scHne  areas  It  can  be  expen- 
sive. 

In  cases  where  chicken  wire  or  wire  mesh  is  not  available,  the  mesh  can 
be  made  by  using  straight  wire.    This  allows  the  user  to  make  the  size 
mesh  he  wants,  and  it  Is  cheaper  to  buy  colls  of  straight  wire  than  It 
Is  to  buy  mesh.    The  mesh  does  not  need  welding;  either  galvanized  or 
non-galvanized  wire  can  be  used. 


Cement,  Sand,  and  Water 

Almost  any  ordinary  cement  can  be  used.    The  sand  should  not  be  too  fine 
(have  too  many  tiny  pieces).    If  there  are  pieces  of  dirt,  leaves*  or 
other  organic  matter  in  the  sand»  wash  the  sand  before  using  It.  The 
water  also  must  be  free  from  silt  and  other  dirt.    These  materials  weaken 
the  ferrocement  if  they  are  left  in  the  sand  and  water. 


BUILDING  WITH  FERROCEMENT 


There  are  three  areas  in  ferrocement  construction  which  are  particularly 
Important: 

Mixing  the  Mortar 

A  general  mix  is  1  part  cement  to  2  parts  sand.    Only  enough  water  Is 
added  to  make  a  pastelike  mixture.    Experience  will  be  t'    best  way  to 
find  out  the  best  consistency  for  the  mortar.    Machines  used  for 

mixing,  but  hand  mixing  the  mortar  works  very  well  and  m^^  ^,ost  less. 
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Puttinq  the  mortar  on  the  wire  mesh 

Before  mixing  the  mortar,  the  mesh  structure  should  have  been  formed  In 
the  shape  desired.    Then,  using  fingers  and  trowels,  push  the  mortar  Into 
the  mesh  structure.    Some  kind  of  vibrating  movement  helps  push  the  mortar 
Into  the  mesh  and  packs  It  In  better.    For  grain  storage  purposes,  just  put 
a  handle  on  a  piece  of  wood  and  create  a  vibrating  movement. 

Uhen  placing  the  mortar,  there  are  two  Important  points  to  keep  In  mind: 
you  must  completely  cover  the  steel  wire  mesh  with  mortar  so  that  the 
steel  cannot  rust  and  lose  its  strength;  at  the  same  time,  the  wire  mesh 
should  be  as  near  the  furface  as  possible.    This  means  that  the  covering 
over  the  wire  mesh  must  be  thin  but  complete. 


Curing  the  Mortar 

Ferrocement  must  not  dry  too  quickly.    It  should  be  kept  moist  for  at 
least  seven  d&ys.    It  also  must  be  protected  from  sun  and  wind.  Both 
too  much  sun  and  too  much  wind  will  dry  the  ferrocement  too  quickly: 
feiTocement  must  dry  slowly  to  be  strong. 


FERROCEMENT  FOR  GRAIN  STORAGE 


There  are  many  things  about  ferrocement  which  make  it  good  for  grain 
storage;  It  Is  particularly  good  in  areas  of  the  world  where  high  tempera- 
tures and  damp  air  cause  grain  to  rot  and  mold  easily.  (However,  If  wire 
Is  very  costly,  and  cement  powder  relatively  inexpensive,  the  farmer  may 
want  to  build  a  cement  stave  silo.)  Ferrocement: 

can  provide  watertight  storage,  if  treated. 

can  be  made  to  provide  airtight  storage,  and,  therefore. 
Insecticides  are  not  needied. 

.    does  not  heat  the  stored  grain  as  much  as  metal  bins  do. 


Disadvantages 

One  major  disadvantage  to  ferrocement  at  the  moment  seems  to  be  that  the 
use  of  ferrocement  for  grain  storage  is  still  new,  and  knowledge  of  the 
technique  Is  not  widely  available.    Also,  for  the  small  farmer,  ferrocement 
Is  relatively  expensive. 
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AN  OVERVIEW  OF  GRAIN  STORAGE  USES  FOR  FERROCOtENt 


This  section  on  ferrocement  provides  an  Introduction  to  ferrocement  as 
a  building  material  for  grain  storage  uses.    It  Includes  descriptions  of 
ferrocement  bins  and  a  ferrocement  lining  for  underground  storage  pits. 
The  Thai  Ferrocement  Silo  (Thallo),  which  can  hold  3.5  tons  of  pad4y  rice. 
Is  presented  In  some  detail* 

Ferrocement  has  been  used  to  make  water  tanks  for  a  number  of  years.  But 
ferrocement  Is  still  being  tested  for  Its  grain  storage  value  and  much  of 
this  knowledge  Is  still  In  the  hands  of  designers  and  testers.  Hopefully* 
by  reading  the  above  general  material  on  ferrocement,  and,  then,  by 
reading  the  following  descriptions  of  possible  grain  storage  uses,  you 
will  be  able  to  form  some  Ideas  as  to  whether  or  not  ferrocement  Is  worthy 
of  more  Investigation  for  use  In  your  area. 
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THAI  FERROCEHENT  SILO  (THAILO) 


Tools  and  Haterials 

.  Cement  1 .000kg 

.  Sand  1 .725kg 

.  Aggregate  965kg  (used  In  the  base) 

.  Hortar  plastlclzer  2kg 

.  Sealant  for  base  ,  5kg 

.  Paint  3/4kg 

.  Chicken  wire  2  Rolls 


.   NO.  2  rod  SOm 

.   Water  pipe  (19nin  dia.)  32m 

These  are  materials  available  In  Thailand;  they  may  not  be  easy  to  find  In 
other  places.   But  other  materials  may  be  substituted.   For  example,  the . 
silo  has  been  built  usin?  bamboo  poles  Instead  of  water  pipe.   The  pipe  was 
substituted  to  prevent  termite  Infestation.    If  It  Is  not  clear  that  termites 
will  be  a  problem,  experimenting  with  other  available  materials  will  be 
needed.   Using  bamboo,  means  the  *j«a11s  will  be  much  thicker  »  5  to  7.5cm  "t 
requiring  more  cement.   Walls  using  water  pipe  are  only  4cm  thick. 

The  sealant  Is  to  help  protect  the  silo  In  areas  where  flooding  Is  a 
problem.   Any  kind  of  asphalt  seal  should 'provide  protection. 
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1.    Build  the  Base 

.   The  base  Is  saucer  shaped  and  can  be  built  on  a  pile  of  hard 
earth.   This  should  be  done  If  the  area  has  seasonal  flooding 
or  very  heavy  rains.   The  base  can  be  changed  easily  to  fit 
different  ground  conditions. 

.    Put  a  sealing  mortar  on  the  earthen  base  and  apron*   Hake  the 
mortar  using*  by  weight:    1  part  cement 

3  parts  sand 
0.6  parts  Mter 

.    Lay  one  layer  of  concrete  over  the  apron  and  base.   Make  It 
5cm  thick. 

.    Reinforce  this  concrete  layer  with  19nin  wire  mesh.  (Chicken 
wire  can  be  used)  after  you  have  laid  down  half  the  thickness 
of  concrete.   Use  this  concrete  m1x»  by  weight: 

1  part  cement 
1  1/2  parts  sand 
Z  parts  aggregate 
0.33> parts  water, 

.    Let  this  layer  of  concrete  harden  and  water  It  3  times  a  day. 
^  Keep  the  concrete  damp  for  7  days.   This  lets  the  concrete 
harden  slowly*  and  the  concrete  w111»  therefore*  be  stronger. 
Treat  the  concrete  with  an  asphalt  seal.    In  Thailand*  a  brand 
called  Fllntkote  Is  used  In  2  coats.    (Fllntkote  Is  simply  a 
bitumen  emulsion).   The  first, coat  Is  mixed  with  water  ~  1 
part  Fllntkote*  3  parts  water.   The  second  layer  contains  no 
water. 

.    Put  down  another  layer  of  5cm  thick  concrete  with  mesh  reinforce- 
ment fabout  midway  In  Its  thickness).   This  time  put  the  con- 
crete over  the  base*  but  not  over  the  apron.   The  mesh  should 
stick  out  of  the  concrete  to  the  end  of  the  apron.    It  will 
be  used  later  as  more  reinforcement  for  the  walls, 

S^ctLon  ^fujwoig 
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2,    Build  the  Wall  Support  Structure 

.   The  walls  slope  Inward  towards  the  top  In  a  cone  shape.  The 
opening  at  the  top  of  the  cone  Is  the  entrance,  or  manhole. 

.   Build  a  wooden  "tree"  to  support 
the  wall  structure  until  it  is 
finished.   The  tree  should  stand 
about  2m  high  with  a  circular 
platform  at  the  top. 


Extend  steel  water  pIpes  or  whatever  reinforcing  materials  a^^ 
from  the  base  to  the  tree  platform  at  regular  intervals.  These 
struts  form  the  support  for  the  wire  mesh. 


ERIC 
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.    Bring  mesh  up  from  the  base  and  fasten  to  struts'  with 
wire. 

.    Wire  horizontal  hoops  of  reinforcing  rod  to  the  struts. 

.    Put  one  layer  of  wire  mesh  on  the  outside  surface  and 
one  layer  of  wire  mesh  on  the  Inside* 

.    Fasten  jsesh.  reinforcing  rod»  and  struts  together  with 
short  gleces  of  wire  threaded  through  the  wall  and 
back.  *"Tie  by  twisting  the  ends  with  pliers. 


3.    Apply  MOrtar 

.    Hand  mix  the  mortar  In  the  following  proportions,  by  weight: 

1  part  cement 
1.75  parts  sand 

Enough  water  to  make  a  thick  paste. 

.   Work  the  mortar  Into  the  mesh  structure  using  trowels  and 
hands. 

.    The  wall  thickness  inside  and  out  should  be  about  4cm  (If 
using  steel  pipes)  and  5-7. 5cm  (If  using  bamboo). 
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4.   Hake  the  cover  or  Top 
Here  are  2  choices  for  the  top. 

1.  Ferrocement  outer  cover  with  circles  of  rubber  which  act 
as  airtight  seals.   This  can  be  made  on  site  or  erected 
before  cementing  the  walls. 

An  Inner  lid  can  be  used.   This  lid  can  be  an  aluminum  trash 
can  lid.    If  this  Inner  lid  Is  used,  place  a  polystyrene 
lining  between  the  grain  and  the  trash  can  lid  to  Insulate 
against  heat  and  prevent  moisture  condensation. 

2.  Build  a  small  piece  of  formwork  supported  by  wires  attached 
to  the  tops  of  the  steel  pipes  which  form  the  struts  for 
the  wire  mesh.   Or  long  nails  can  be  driven  Into  the  VK)oden 
platform  which  supports  the  struts.   These  nails  are  bent 
up  to  shape  a  form. 

The  topseal  consists  of  2  parts: 

.   Aluminum  lid  with  polystyrene  Insert  and  a  tubular 
ring  of  plastic  placed  between  the  lid  and  the  wall. 

.   A  piece  of  sheet  metal  screed  to  the  top  with  a 
sealing  gasket. 


Some  General  Notes  on  Ferrocement  Silos 

IMPORTANT:    Do  Jiot  mix  too  much  water  Into  the  mortar  and  concrete 
mixtures. 

IMPORTANT:   Wet  the  finished  ferrocement  3  times  per  day  for  7  days. 

Cover  the  silo  with  moist  sacks  and  make  sure  the  cover 
Is  kept  wet.    It  Is  very  Important  not  to  let  the  sun  and 
wind  dry  the  silo  too  quickly.    Slow  drying,  called  curing, 
gives  cement  Its  durability  and  strength. 

.    Painting  the  silo  with  chlorinated  rubber-base  paint,  coal 
tar  or  bitumen  should  be  done  to  make  sure  It  Is  completely 
airtight  and  watertight. 

.    Fin  the  finished  silo  with  water  for  one  week  If  you  wish  to 
test  It.   Water  Is  heavier  than  the  stored  grain.    If  there 
are  cracks  or  weak  places  they  will  leak.   Make  repairs 
as  needed.   The  silo  must  be  dried  for  4-6  weeks  particularly 
If  It  has  been  filled  with  water.   Remember  that  the  shape 
and  size  of  the  ferrocement  silo  can  be  changed  to  fit  your 
own  needs. 
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FERROCEHErtT-LINED  UNDERGROUND  PITS 


This  material  Is  adapted  from  Ferrocement:   Applications  In  Peyelopj^gg 
Countries,  national  Acaden^  of  sciences,  Washington*  D.  C,  Feb.*  1973. 
The  Illustration  Is  from  a  report  prepared  by  R.  A.  Boxall  for  the  United 
Kingdom  Committee  of  the  Freedom  from  Kunger  Campaign  and  Christian  Aid. 
1971-72. 


A  traditional  pit  can  be  made  Into  an  air  and  watertight  grain  storage 
container  by  using  ferrocement  to  line  the  pit.    Ferrocement  linings  work 
even  In  pits  built  In  very  wet  ground.   The  cost  of  this  pit  was  $20.00 
(U.  S.  currency)  In  1972. 


M>1«I  or 
Coocrttf  Ltd 


342 


storage  Methods  -114- 


Here  Is  an  outline  of  the  construction  process. 
1 .    Clean  the  pit 

.    Ren»ove  trash 

.  Hake  sure  walls  are  smooth  and  free  of  termites. 
.    Apply  poison  to  kill  termites  If  necessary. 


2.    Prepare  the  floor  of  the  pit 

.    Lay  down  a  lOmn  layer  of  hardcore.. 

.    Lay  a  layer  of  concrete  on  top  of  the  hardcore.   Use  a 
concrete  mix  like  the  one  given  for  the  base  of  the 
Thallo  grain  store  pits. 


3.  Make  the  mortar 

.   Mix  well  one  part  cement  and  3  parts  sand. 

.    Add  as  little  water  as  possible  to  make  a  paste.  / 

/' 

4.  Line  the  walls 

.    Use  hands  and  trowels  to  put  a  2.5-3cm  layer  of  mortar  to 
the  walls. 

.    Place  wire  mesh  reinforcement,  or  chicken  wire  on  the  sur- 
face of  the  mortar  where  It  Is  wet. 

.    See  waterproofing  material  before  placing  the  second  layer 
of  mortar.    The  other  method  of  waterproofing  Is  cheaper, 
requires  less  labor  and  may  work  well  depending  on^the 
ground  water  level.    This  method  uses  a  single  layer  of 
bitunten  between  the  two  cement  layers.    If  you  choose  this 
method.  Step  6  Is  not  necessary. 

.    Put  another  layer  of  mortar  on  top  of  the  chicken  wire. 


5.    Cure  the  lining  y' 

.    Keep  the  walls  and  Inside  of  the  pit  damp  for  at  least  5  days. 
Seven  days  Is  better. 
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.    Do  not  let  the  pit  dry  out  quickly! 


6.   Waterproof  the  lining      There  are  2  methods.   Here  Is  the  most  expensive. 

.    Brush  off  any  loose  concrete  with  a  wire  brush. 

.   Use  a  stiff  brush  to  out  on  a  first  coat  of  Bitumen  Emulsion. 
This  first  coat  Is  diluted      1  volume  of  emulsjjon  to  1  volume 
of  water. 

.   Hake  sure  the  emulsion  gets  worked  deeply  Into  the  lining. 

.   Let  this  f1rst»  or  priming  coat»  dry. 

.   Apply  a  layer  of  undiluted  Bitumen  Emulsion  and  let  dry. 

.  Nix  1  volume  of  water  to  1  volume  of  cement  to  10  volumes 
Bitumen  Emulsion  and  brush  this  over  the  entire  Inside  of 
the  pit. 


7.   Hake  the  Hp 

.    Build  up  the  mouth  of  the  pit  using  stones. 

«   Mix  concrete  of  the  type  used  at  the  bottom  of  the  pit  and 

lay  a  sloping  Hp  at  the  mouth  of  the  pit  as  shown  In  the  ) 
drawing.    Drain  pipes  can  be  used  to  carry  water  even 
further  away. 

.   Let  dry  well. 


B.    Seal  the  pit 

.   A  traditional  lid  can  be  used. 

.   A  fnetal  or  concrete  lid  which  Is  sealed  with  bitumen  makes 
a  very  airtight  storage  container. 

.    If  you  choose  to  use  a  metal  lid  place  old  cloths  or  sacks 
between  the  top  of  the  grain  and  the  cover.   This  cloth  will 
absorb  any  moisture  which  forms  on  the  metal  lid. 
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OTHER  FERROCEMENT  GRAIN  STRUCTURES 


From  a  VITA  Volunteer  In  India  come  the  following  ferrocement  speci- 
fkatlons  and  drawings.    Since  these  grain  bins  are  presented  In  sizes 
suitable  for  use  by  small  farmers,  they  are  Included  here  to  Illustrate 
further  the  ranges  of  ferrocement  shapes  and  applications.    These  plans 
were  proposed  by  the  Keetaram  Agricultural  Services,  Pvt.,  Ltd.,  of  New 
Delhi.  India. 


Ferrocement  Grain  Bin  #1  (CB-1) 


Useful  for  seed  storage  or  where  smaller  batches  of  various  types  or 
qualities  of  grain  have  to  be  preserved.    For  indoor  use,  although  the 
design  will  permit  long  exposure  to  sunshine  and  rain  without  deteriora- 
tion of  the  contents. 

The  bin  has  an  internal  diameter  of  750nin  and  is  1  metre  tall.   A  large 
manhole,  eOQm  In  diameter,  is  used  for  loading  and  unloading  of  grain. 
This  manhole  is  closed  by  means  of  a  loose  fitting  ocver  which  is  equipped 
with  a  facility  for  padlocking.    The  bin  can  be  easily  sealed  by  caulk- 
ing wet  clay  all  around  the  cover.    Since  the  bin  will  be  placed  directly 
on  the  floor  no  opening  is  considered  necessary  at  the  bottom,  since  this 
will  make  the  extraction  of  grain  at  ground  level  a  very  tedious  operation. 
The  height  of  1  metre  makes  it  easy  for  the  gra^n  to  removed  from  the  top 
manhole. 

The  walls  of  the  bin  are  12mm  thick  and  have  a  smooth  internal  finish 
preventing  lodging  of  any  bacterial  Infestation.   All  corners  and  edges 
are  rounded  off  for  the  same  reason  and  to  facilitate  cleaning  of  the 
bin  before  loading. 

This  bin  holds  0.4  cubic  meters.'  It  will  store  35Gkgs  of  wheat.  The 
bin  weighs  about  230kg  when  empty  and  SBOkg  when  full. 
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Ferrocenwnt  Grain  Bin  #2  (CB-2) 

This  has  an  Intsrnal  diameter  of  l.OOOwm  and  a  height  of  l,50aim.   A  man- 
hole diameter  Is  provided  at  the  top  for  loading  of  grain.   The  manhole 
can  be  cltsed  by  means  of  a  loosely  fitting  manhole  cover  with  a  padlocking 
arrangement.   At  the  bottom  of  the  bin  a  square  opening  Is  provided  and 
this  Is  fitted  on  with  nuts  and  bolts  on  to  the  recessed  enclosure  of  the 
opening.   This  cover  will  be  normally  opened  once  a  year,  when  the  bin 
has  been  emptied  and  Is  to  be  thoroughly  cleaned  before  fumigation. 
For  unloading  grain,  there  Is  a  8cm  diameter  sheet  metal  screw  conveyor 
fitted  over  the  cover.   This  Is  manually  operated  and  Is  estimated  to 
discharge  at  the  rate  of  about  15kg  per  minute  by  manually  turning  the 
conveyor  at  60  RPM. 

The  capacity  of  this  bin  Is  1.4  cubic  meters.    It  will  store  1,000kg  of 
wheat.   The  bin  weighs  340kg  when  empty  and,  therefore,  about  1,350kg 
when  full. 
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Ferrocement  Grain  Bin  #3  CCS-1) 

This  Is  the  first  of  the  new  series  of  medium-size  bins.    It  Is  also  a 
vertical  cylinder,  having  an  Inside  diameter  of  1.5  meters  and  an  overall 
height  of  1.5  meters.   Because  of  their  large  size,  these  bins  will 
usually  be  kept  outdoors  or  under  open  verandahs  or  corridors.   The  roof 
of  this  bin  Is  dome-shaped  so  that  rain  water  will  run  off. 

Loading  Is  done  by  a  man  standing  on  a  stool.   A  manhole  of  450  irm  diameter 
with  a  detachable  cover  Is  provided  In  the  roof,  along  with  a  padlocking 
arrangenent. 

Unloading  Is  done  at  the  base  through  a  screw  conveyor  Identical  to  that 
described  under  type  CB-2.  \ 

The  capacity  of  the  bin  Is  3m3,  and  It  will  store  2-3  tons.  The  bin  weighs 
700kg  when  empty  and  3«000kg  when  full. 
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Ferrocement  Grain  Bin  #4  (CS-2) 

^ 

The  second  bin  In  this  series  has  the  same  Inside  diameter  as  type  CS-1\ 
viz  1.5  meters,   but  the  overall  height  Is  Increased  to  2.9  'Mtres.  The 
construction  of  this  bin  Is  generally  Identical  with  type  CS-1.  However, 
because  of  the  height  the  loading  arrangement  Is  different.  Provision 
has  h«en  made  for  Installing  a  pulley  at  the  top  manhole.   One  man  standing 
on  the  roof  of  the  bin  will  lift  the  sack  by  the  PuHey  and  empty  that 
sack  Into  the  bin.   A  deUchable  ladder  Is  provided  for  climbing  up  to 
the  roof. 

Unloading  am  cements  provided  at  the  bottom  of  the  bin  are  Identical 
with  Type  CB-2. 

The  capacity  of  this  bin  Is  5.4  cubic  meters.    It  will  store  4-5  tons  of 
wheat.   The  bin  weighs  about  l.lOOkc  when  empty  and  5,600  when  full. 
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ST0RIN6  GRAIN  IN  CEMENT/CONCRHE  STRUCTURES 


This  manual  has  already  discussed  a  number  of  materials  used  for  storage 
mudblocks,  plastic,  metal,  ferrocement.  The  final  construction  material 
discussed  here  Is  cement/concrete. 

Three  plans  for  storage  structures  which  use  cement  are  offered  here. 


The  first,  and  simplest,  was  designed 
by  Peace  Corps  Volunteers  In  Senegal 
and  built  by  local  farmers. 


t  — 1 

1 

1  ■ 

1 

1 

t 

I 
I 

1  1 

1 

1 

1 
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I 

—  COVtf^  SLAB 


EMPTYING 
HOVC  WtTrt 


The  second  plan  Includes 
detailed  drawings  for  a 
4.5  ton  Cement  Stave  Silo. 
This  silo  has  been  built  and 
tested  by  Peace  Corps  Volun- 
teers In  Benin.    The  testing 
process  has  led  to  soine  design 
Improvements  and  these  have 
been  Incorporated  Into  the 
plan  Included  here. 
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The  third  plan  Is  for  building  and  establishing  Concrete  Block  Square 
Silos  for  cooperative  storage. 

Since  small  fanners  often  cannot  afford  to  nake  Improvements  by  them* 
selves,  they  enter  Into  cooperative  agreements  and  store  their  grain 
all  together  In  large  bins.   This  plan  offers  a  low-cost  alternative  to 
the  traditional  large  round  s11o,and  the  problems  of  keeping  strict 
measurements  of  each  fanner's  Input  to  the  silo,  by  giving  Information 
on  how  to  construct  square,  multi-celled  (each  cell  Is  relatively  small) 
silos. 


T 

nuLTi-cttteo  sao 


storage  Methods  *123* 


BRICK  GRAIN  STORAGE  SILO 


Description 

Traditional  family  granaries  in  West 
Africa  are  constructed  of  c1ay»  bamboo* 
or  millet  stalks  with  a  thatch  roof. 
They  are  easy  prey  for  insects*  rodents* 
fire»  and  thieves.    The  silo  described 
here  was  designed  by  Peace  Corps  Volun* 
teers  to  protect  grain  against  these 
dangers  and»  equally  as  important*  to 
be  of  low  cost  and  easy  to  build. 


The  silo  Is  made  of  mortared  concrete 
bricks  placed  on  a  reinforced  founda- 
tion.   A  reinforced  cover  with  d  manhole 
is  cast  to  place  over  the  bricks.  The 
manhole  cover  can  be  n^xde  of  sheet  metal 
for  ease  in  handling*  but  if  welding  is 
a  problem*  a  cover  can  be  cast  in 
concrete. 

All  labor  was  done  by  Senegalese  villagers  with  the  help  of  a  Peace  Corps 
Volunteer.  With  the  assistance  of  an  experienced  village  mason*  a  fanner 
can  do  the  work  necessary  to  build  this  silo. 

A_dvantages: 

.    Protects  against  insects  and  rodents. 

.    Easy  to  build. 

.    Does  not  cost  a  lot  of  money. 

.    Holds  3m3  of  grain. 

.    Easy  to  reach  to  take  grain  In  and  out. 
Disadvantages; 

.    Haking  the  manhole  cover  may  be  difficult. 

.    Moisture  may  be  a  problem  unless  the  silo  Is  water- 
proofed. 
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Haterials  and  Tools 


Cement  (for  bricks,  foundation, 
cover,  mortar,  plaster) 

Reinforcing  rod  {6ran) 

Sheet  metal  for  manhole  cover 


7  bags 
36  meters 
as  needed. 


1.    Wake  Forms  for  Silo  Base  and  Cover 

.    Dig  a  hole  1.75m  x  1.75m  and  6cm  deep.    This  Is  for  the 
silo  base. 

.    Dig  a  hole  1.6m  x  1.6m  and  8cm  deep.    This  hole  is  for 
casting  the  silo  cover. 

.   Make,  and  place  in  the  hole,  a  wooden  mold  60cm  square 
by  outside  measurement. 


EZIE 


J 


TOP  VIEW 


SIDE  VIEW 
2.    Make  the  Base  and  Cover 

.    Cut  reinforcing  rod  for  both  the  silo  and  base. 

.    Mix  concrete  and  pour  each  form  half  full. 

.    Set  reinforcing  rods  Into  concrete. 

.    Finish  pouring  concrete. 

.    Pour  concrete  for  the  cover  up  to  a  level  of  8cffl.  When 
concrete  is  somewhat  set,  make  and  place  a  form  which  Is 
62cm  square  by  2cm  high  around  the  smaller  fonn  on  top 
of  the  alrp:idy  poured  concrete.    Then  pour  concrete  Into 
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the  space  between  the  two  frames.   This  forms  the  lip 
around  the  manhole  cover.    The  manhole  cover  should  be 
designed  to  fit  around  this  lip.   This  gives  Increased 
protection  from  Insects  and  rodents. 


Mf^^cLE.  UP 


Remember,  to  set 
the  staples  for 
the  locking  arrange- 
nent  in  the  wet  concrete 
of  the  silo  cover. 


.    Make  a  manhole  cover  now  if  a  concrete  manhole  cover  is  to 
be  used. 

.    Keep  the  concrete  damp.    Wet  it  3  times  a  day  and  keep  it  shade?!. 


3.   Make  Bricks 

.    Make  100  sandcrete  bricks  with  a  mixture  of  1  to  5. 
The  exact  number  of  bricks  needed  depends  upon  the 
size  of  the  brick. 

.    Dry  and  cure  the  bricks  for  3  days.    Keep  them  damp 
so  they  dry  slowly. 


4.    Build  the  Walls 


n 


Mortar  the  bricks  Into  place  with 
the  comers  overlapping  alternately 
for  strength. 


Let  the  bricks  and  mortar  set  for 
5  days. 


r 


Plaster  the  inside. 


ERIC 
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5.  Put  on  the  Silo  Cover 

.   Put  a  layer  of  mortar  on  the  top  edge. 
.    Put  the  cover  In  place.  , 

6.  Put  on  Manhole  Cover 

I 

.   Make  a  steel  manhole  lid  and  set  It  In  place.   Or  put 
In  place  an  already  prepared  concrete  cover. 

.   Lock  the  cover  In  place. 
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THE  4.5  TON  CEMENT  STAVE  S;tO 

/  ►  .  ,  ■■ 

This  silo  was  developed  In  Benin,  West  Africa*  by  local  agricultural 
extension  agents  and  U.S.  Peace  Corps  Volunteers.   Over  250  of  these 
silos  have  been  built.   The  plan  In  the  following  pages  Is  adapted  from 
one  prepared' by  Peace  Corps  Volunteers.   The  drawings  were  done  for  this 
manual  by  Nicolas  Re1nhardt»  a  VITA  Volunteer. 

The  cenvent  stave  s11o»  If  protected  from  rain  by  a  shelter^-  will  keep 
unwanted  molsture  away  froin  the  stored  grain  better  than  earthen-^walled 
silos  which  have  not  been  specially  treated. 

In  drier  areas*  the  higher  cost  of  the  cement  stave  silo  means  that 
fanners  should  check  out  other*  cheaper  types  of  silos.   However*  the 
cement  stave  s1)o  will  work  In  drier  areas  as  well  as  more  humid  ones. 
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Advantages 

'    .    Stores  large  amount*  of  grain. 

.   Gives  good  Insect  control  when  Insecticide  is  added  to  the  grain 
to  kill  insects  ahready  In  the  grain. 

.    Offers  good  protection  for  the  grain  from  rodents. 

.    Is  less  expensive  than  a  metal  silo  of  similar  capacity 
and  is  more  durable. 


Pi sadvantages  ^ 

.    Has  to  be  protected  from  rain  or  i't  does  not  provide  good 
moisture  control.  ^  * 

•   Uses  materials  and  'equipoipnt  which  make  it  more  expensive  to  build 
than  the  mudblock  silo. 


THE  SITE 


.    Build  the  silo  on  high*  well-dra,ined  ground.    Do  not 
'  build  the  silo  whereat  w^ill  be  in  the  path  of  water 
from  flooding  or  heavy  rains. 

•    Test  the  ground  to  see  if  it  will  support  the  silo. 
You  should  build  this  silo  on  hard-pan,  rock,  or  stable 
soil. 

.    Dig  a  small  hole»  about  65cm  deep.    If  you  do  not  reach 
hard-packed  earth  or  rock>  try  another  location,  if 
possible.    If  there  is  no  other  location  available,  and 
you  are  in  doubt  about  whether  the  earth  is  hard  enough, 
special  precautions  should  be  taken. 

.    Locate  the  silo  so  that  it  is  level.    If  a  dryer,  for 
example^  the  Pit  Oil  BarreVDryer,  is  being  builjt  on 
the  same  site »  the  location  must  bexhosen  so  that  the 
front  of  the  dryer  is  facing ^the  oncomlnj^  jwinds  during 
the  time  of  year  you  will  be  drying. 
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THE  SHttTER 


A  straw  or  tin-roofed  shelter  can  be  built  before  building  the  cement 
stave  silo. 

.    The  shelter  protects  the  silo  from  rain  and  sunlight. 
Also,  It  provides  a  good  working  place  for  the  builders 
of  the  silo. 

It  Is  Important  to  build  the  shelter  so  that  there  Is  at 
least  50cm  on  all  sides  of  the  silo  (and  dryer).  This 
win  ensure  protection  from  rain. 


.    The  type  of  roof  will  depend  on  what  the  farmer  can 
afford.   A  thatch  roof  can  always  be  replaced  by  a  tin 
rbof  after  the  silo  and  shelter  have  had  several  years  to 
pay  for  themselves. 

.    Many  farmers  build  a  larger  shelter  so  that  both  the  silo 
and  a  dryer^llke  an  oil  barrel  dryer*  can  be  put  underneath 
It. 


Tools  and  Materials 
.    Digging  tools 

.    Tools  for  working  cement  and  mortar  ^ 

.    Cement  16  sacks  (50kg  each) 

.    Re-rod  (6m  diameter)  10  -  12  bars  (each  6m  long) 

.    Galvanized  wire  (3nin  diameter)  1  roll  (4kg) 


ERIC 
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.   Wire  tighteners  10 

.    Coal  Tar  15  litres 

Plastic  or  other  suitable  moisture  barrier  material 


Some  General  Cotnments 


Cement  should /be  stored  on  log  supports  or  plastic:    It  will 
harden   If  stored  directly  on  the  ground.    If  there  are  lumps 
in  the  cement  and  they  cannot  be  broken  easily,  they  should 
ba  removed  and  the  amount  of  cement  should  be  Increased  by 

1/4  to  1/3./ 

-PLASTIC  SHE.ET  OR 
A<^AlHSr  nA\H 


K£t?  SACKS  Of  r  The  ^muho 


Road  sand  can  be  used  if  It  Is  clean  and  does  not  have  too 
much  clay  content. 

.    Gravel  should  be. smaller  than  1/3  the  thickness  of  the  slab 
In  which  it  will  be  used.    The  gravel  should  be  washed  If 
there  is  dirt  or  other  impurities  in  It, 

.   Water  should  be  ^ree  of  dirt,  oil,  and  chemicals.  These 
weaken  cement.    If  water  will  be  stored  In  barrels,  these 
should  be  washed  thoroughly  before  use, 

.    Mixing  should  be  done  on  cement  or  on  swept,  packed  earth. 
Be  careful  not  to  scrape  dirt  Into  the  mixture.  When 
mixing  on  dirt,  all  mixtures  should  be  made  on  the  same 
spot  since  that  spot  will  harden   after  the  first  mixing, 

,    Too  much  water  causes  cement  to  separate  from  the  mixture 
when  It  is  tamped.    Losing  this  cement  weakens  the  mixture, 
20-25  liters  of  water  for  each  50kg  sack  of  cement  Is  about 
right  for  all  mixes . 
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ftEAt)  THE  INSTftUCTIONS  THROUGH  BEFORE  VOU  g£gm 


Make  the  Forms  for  the  Staves 

.   Make  at  least  one  wooden 
form  (mold)  for  each  of 
the  two  sizes  of  stave. 

.    Check  the  forms  carefully 
to  make  sure  they  have 
very  flat  and  regular  In- 
side surfaces. 


seen  OK  c-c 


SECttOM  d*d 


IT  IS  IMPORTANT  THAT  THESE  SURFACES  BE  SMOOTH  AND  AT  THE 
CORRECT  ANGLE.    SINCE  MORTAR  IS  NOT  USED  TO  PUT  THE  STAVES 
TOGETHER,  ITS  AIR-AND  WATER-TIGHTNESS  WILL  DEPEND  ON  THE 
TIGHTLY  FITTING  EDGES  OF  THE  STAVES. 


Make  the  Staves 

.    Mix  the  mortar  with  a  mixture  of  1  pbri  *:ement  to  4  parts  sand. 

.    Tamp  the  staves  down  firmly,  with  a  bottle,  for  example. 
Be  careful  the  cement  Is  not  so  wet  that  water  runs  out 
of  the  form  or  the  staves  slump. 

.    Make  91  large  staves  and  26  small  ones  for  the  walls, 

.    Make  5  more  large  staves  as  extras  In  case  of  breakage. 
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46  mm  A£-ROD 


 t_ 


Make  one  large  stave 
with  a  hole  In  It  (ucm 
In  diameter)  for  In- 
serting  the  emptying  plug 


Place  a  ring  of  6mn  re-rod  C50cm  long)  around  the  hole 
for  added  strength. 


Cure  the  staves. 


D\JR\N(V  CURtW^  t»£MOO 
0  R  CO V  C    Vsl » T  STIWW 


/^  ^-  V  ^  ^^  ^^ 
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3.   Make  Bricks  for  the  Foundation 

.   Make  a  form  of  14x20x30cm  for  making  bricks.   This  form 
will  give  the  size  blocks  used  In  this  particular 
plan. 

.    Use  a  mixture  of  1  part  cement  to  4-7  parts  of  sand^ 
depending  upon  the  quality  of  the  sand  and  cement,. 

.   Make  about  80  bricks  for  a  foundation  like  the  four- 
brick  layer  foundation  pictured  below,.    (The  actual 
number  of  layers  depends  upon  how  far  down  you  must 
dig  to  find  hard-packed  sarth  or  rock  upon  which  to 
build  the  foundation.) 

.    Hake  8  more  bricks,  if  you  feel  the  earth  Is  soft  under 
the  silo,  or  If  you  are  not  sure  the  floor  slab  Is  going 
to  be  made  of  very  good  quality  cement.    These  B  bricks 
will  make  a  pillar  In  the  center  of  the  foundation. 

.    Be  sure  to  water  and  dry  the  bricks  the  same  way  as  you 
did  the  staves. 

^  Substitute  regular*  already  made  concrete  blocks  of 
the  type  used  in  houses*  If  they  a  lood  size  to 
use  and  if  they  are  strong. 


4.    Build  a  Foundation 

.    Dig  a  hole  with  an  outside  diameter  of  2.2m.    The  founda- 
tion should  rest  on  hard-packed  earth  or  rock. 
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Cement  Stave  Silo 


.    Lay  the  bricks  using  a  mortar  consisting  of  1  part  cement 
to  6-B  parts  sand. 

.    Lay  the  bricks  so  that  each  one  crosses  over  a  joint  between 
bricks  In  the  layer  below.   This  will  make  the  wall  stronger. 

.    Be  sure  the  foundation  extends  15-20cm  above  ground  level. 

.    Build  the  pillar.  If  required,  by  placing  two  bricks, 
joined  with  mortar.  In  the  center  of  the  foundation  hole. 
Lay  the  second  layer  of  bricks  with  mortar  crosswise  over 
the  first  layer.    Continue  laying  bricks  and  mortar  until 
the  pillar  Is  even  with  the  top  of  the  foundation. 

.    Fill  the  foundation  with  sand  and  hard-pack  (tamp)  the  sand  to 
the  level  of  the  top  layer  of  the  foundation. 


5.  Waterproof  the  base 

.   Use  plastic  sheets,  coal  tar,  or  tar  felt. 

.    Lay  a  3cm  layer  of  mortar  on  top  of  the  hard-packed 
sand  if  using  coal  tar  or  tar  felt.   This  is  not  required 
when  plastic  is  used. 

.    Overlap  joints  of  tar  felt  20cm  and  spread  coal  tar  on 
the  seams. 

.    Use  4  layers  of  coal  tar  if  that  material  Is  chosen  t«  paint 
over  the  3  cm  layer  of  mortar. 

6.  Make  a  Form  for  the  Floor  Slab 

.    Use  29  large  staves  (temporarily)  to  make  the  form  for  the 
floor  slab. 

.    Place  the  staves  around  the  outside  of  the  foundation  wall 
in  a  2.2m  diameter  circle.    In  other  words,  the  circle  of 
staves  will  be  flush  with  the  outer  perimeter  of  the  founda- 
tion wall . 

.    Hold  the  staves  in  place  using  two  wires  and  wire  tighteners. 

.    Line  the  inner  face  of  the  staves  with  paper,  plastic,  or 
masonite  to  prevent  sticking  when  the  staves  are  later 
removed. 
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NOlES;  LINER  M05T  tXTEHO  VJEtU  AMvt 

to  Cn  ^tAB  THICKH€^S 

Z.    WIRE  ri<^HT1£NER5  MUST  PtAC£P 
{H   CBt^TtR  or  STAVE  BACKS. 


.  Mark  the  form  to  show  a  point  4cm  above  the  base  and 
another  point  10cm  above  the  base.  These  marks  will 
guide  you  when  you  pour  the  concrete  Into  the  form. 


Form  the  Re-rod  Pattern    for  the  Base 

.    Form  a  6.6m  re-rod  perimeter  for  the  slab. 

.    Use  one   6m  piece  of  6nin  re-rod  and  one    1m  piece. 

.    Bend  the  ends  of  each  re-rod  piece  to  fomt  10cm  hooks. 

^    Join  these  hooks  together  to  make  a  longer  bar  for  the 
perimeter. 

.    Leave  an  extra  10cm  at  each  end  when  cutting  re*rods. 

These  extra  lengths  will  be  bent  to  form  hooks  for  attaching 
the  straight  bars  to  the  perimeter  re*rod.    The  two 
longest  straight  re*rods  are  each  2.3m  long.    A  total  of 
IB  straight  re-rqd  pieces  will  be  needed. 
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Cement  Stave  Silo 


.    Put  the  re-rods  Into  position. 

.   Attach  all  hooks  and  Intersecting  points  with  fine 
wire. 

.    Place  the  finished  re-^rod  pattern  Into  the  form  to  be  sure 
It  fits       before  you  pour  the  cement. 


8.    Mix  and  Pour  Concrete  for  the  Floor  Slab 

.    Use  a  mixture  of  one  part  cement*  two  parts  sand^and  three 
parts  gravel  (1 :2:3). 

.    Mix  the  concrete  so  that  it  can  be  worked  easily  but  does 
not  flow. 

.    Met  the  inside  of  the  form  completely  before  pouring  the 
concrete. 

.  Pour  4cm  of  concrete  before  placing  the  retrod  pattern  In. 
.    Tamp  the  concrete  down  well. 

.    Put  the  retrod  In  and  finish  pouring  concrete  to  the  10cm 
level  marked  previously. 

.    Tamp  very  well.    THIS  IS  IMPORTANT. 

.    Smooth  and  level  the  surface  carefully. 

*    Water  the  slab  3  times  per  day  for  7  days.    Keep  the  slab 
shaded. 
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9.    Mount  the  Uall 


BOTTOM 


ON    SA.CK$  STKVeS 


210cm 


MORTAR 


Hole. 


THm  OFF 
ftHY  excess  BKRA\Cf^ 

Hark  a  circle  of  100cm  fadlus  from  the  center  of  the  slab. 

Place  13  large  and  13  small  staves  around  the  circle, 
alternating  the  large  and  small  staves,w1th  their  smaller 
faces  Inside. 

Place  a  thin  layer  of  1:6  mortar  under  the  bottom  row  of 
staves  for  proper  seating. 

Place  the  large  stave  with  the  emptying  hole  In  the  first 
layer,  vrtth  the  hole  toward  the  bottom  slab. 
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.    Place  no  mortar  between  the  staves. 

.    Place  and  tighten  a  retaining  wire  at  each  25an  of  height. 

.    Place  2  wires  In  the  bottom  25an»  Son  from  the  top  and  the 
bottom  of  the  small  staves  (one  above  and  one  below  the 
emptying  hole). 

.    Place  the  tighteners  for  these  2  wires  only  on  the  large 
staves.    Uhen  tightened*  the  tighteners  should  be  centered 
on  the  large  staves. 

.    Form  each  following  layer  by  placing  13  large  staves  In 
the  gaps  until  reaching  a  height  of  2.0m  (4  large  staves 
vertically). 

.    Complete  the  final  layer  by  placing  13  small  staves  In 
the  remaining  gaps. 

.    Hold  these  staves  In  place  with  2  wires.  8cm  from  the  top 
and  Bern  from  the  bottom  of  the  small  staves. 


10.    Hake  a  Form  for  the  Cover  Slab 

The  cover  slab  is  like  the  floor  slab  except  that  It  must  have  a 
fining  hole  and  Is  only  Bern  thick. 

.    Cover  the  top  of  the  wall  completely  with  solid  boards.  These 
must  extend  beyond  the  edge  of  the  wall. 

.    Place  an  upright  collar  of  masonlte  on  the  boardsScm  outside 
the  edge  of  the  wall . 

.    Hold  the  collar  in  place  with  nails. 

.    Support  the  boards  from  within  the  silo  if  they  are  not 
strong  enough  to  support  a  man  without  sagging. 

.    Cover  the  boards  completely  with  paper  or  plastic  Inside 
the  masonlte  circle  to  prevent  the  concrete  from  sticking 
to  the  boards  or  from  leaking  through  any  large  cracks. 

.    Place  the  manhole  (for  entry  and  filling)  form  20cm  ^ 
^  inside  the  masonlte  circle.   The  form  should  be  about  a 
50cm  diameter  circle  made  with  an  inverted  basket,  or 
masonlte  held  In  place  with  nails. 
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Cement  Stave  Silo  Storage  Methods  -139' 


n .    Form  the  Re-rod  Pattern  for  the  Cover 

Form, the  re-rod  pattern  In  the  same  way  as  you  did  the  floor 
slab  except  that  space  must  be  left  for  the  manhole. 


.   Test  the  pattern  in  the  form  for  fit  before  pouring  concrete. 


12.    Hake  the  Cover 

.    Mix  another  batch  of  V:2:3  concrete  for  the  cover. 

.    Pour  and  tamp  a  4an  layer  of  concrete  before  placing 
the  re-rod  pattern. 

.    Place  the  re-rod  pattern. 

.    Pour  the  remaining  4cm  }ayer  of  concrete. 

,    Tamp  and  smooth  out  the  slab  with  a  slight  slope  aw^y 
from  the  entry  hole.  / 
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storage  Hethdas  Cement  Stave  Silo 


.   Kake  a  manhole  cover  6cin  thick  and  60cm  In  diameter 
with  the  remaining  concrete. 

.   Use  a  masonlte  strip  or  a  hole  dug  In  the  ground  and 
lined  with  paper  as  a  form. 

.    Place  a  re-rod »  bent  Into  the  correct  shape  for  a 
handle;^  Into  the  concrete.    This  re-rod  also  gives  added 
strength  to  the  cover. 


— 60  cm  =^ 


.    Cure  and  dry  the  cover  slab  and  the  manhole  cover  In  the 
same  way  as  the  bottom  slab.    (Wet  the  concrete  3  times  a 
day  for  7  days  and| keep, the  concrete  shaded.) 

/ 

.    Be  sure  the  slab  is  dry  before  removing  the  form  (wait  at 
least  10  days).    l|t  Is  easiest  to  remove  the  boards  by  gently 
levering  the  edges'  of  the  s1ab»  sliding  out  boards  as  you  ^go. 

Be  careful  not  to  apply  pressure  to  the  strip  between  the  man- 
hole and  the  outer  wall.   This  strip  Is  the  weakest  part  of 
the  slab. 
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Cement  Stave  Silo 


Storage  Methods  -141- 


Close  the  ^pace  betiireen  the/cover  slab  and  the  upper 
walls  with  mortar  after  talcing  out  the  boards  of  the  form. 

Place  a  sealing  ring  cut  from  a  rubber  Inner  tube, 
for  example*  around  the  manhole.   Or  make  a  sealing 
ring  of  mortar.    If  you  use  a  piece  of  rubber,  cpver 
the  rubber  with  mortar.    Cover  the  mortar  with  paper,  y 
and  place  the  manhole  cover  on  It.   This  will  provide  / 
a  raised  horizontal  joint  tc  prevent  water  from  ^ 
getting  Into  the  manhole. 


RlKi|  / 

\ 

A 

<.:->.7'.-!.'/.' 

Son 

J 


ia.   Make  a  Security  Plate  (Anti-Theft  System) 

1 


/ 


^  1  tm  >*«i.t 
tS'^Stnv  StOT       TWO  fleets 


HASP  PLATE,    (rtttlte  {r»f\  Wnrd  bottom) 


Use  the  bottom  of  an 
oil  barrel  o^  ^  piece  of 
heavy  sheet  metal . 

Cut  a  piece  20an  x  25cm. 

Pierce  two  holes on  one  of 
the  20cm  sides.  2cm  In  from 
the  side  and  4cm  from  each 
end.   A  hinge  wlllpass 
through  each  of  these  holes. 

Cut  a  slot  5cm  long  and  1 .Son 
wide*  centered  on  the  other 
20cm  side  of  the  metal  piece*  \ 
3cm  from  the  edge.  \ 


ERIC 
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storage  Methods  -142-         Cement  Stave  Silo 

.  Use  the  remaining  re-rod  material  to  make  a  staple 
^   and  two  hinges. 


staple: 

14.    Plastenthe  Silo 

Make  a  1:6-8  mortar  mixture. 

.    Install  the  security  plate  before  plastering  the  outside. 
Apply  the  mortar  2cm  thick. 


.    Plaster  the  outside  walls  to  a  thickness  of  2cin. 

.    Close  the  Inside  joints  with  a  cement  wash  or  plaster 
to  keep  grain  from  getting  stuck  In  the  ,1o1nts  and 
to  Increase  moisture  resistance. 


Cement  State  Silo  Storage  Methods 


.    Put  the  plastic  plug  Into  place  and  use  mortar  to  form  a 
tight  f-t  between  the  plug  and  emptying  hole.    BE  CAREFUL 
NOT  TO  SEAL  THE  PLUS  SO  FAR  INTO  THE  HOLE  THAT  YOU  CANNOT 

.   PULL  IT  OUT., 


15.    Paint  the  Silo 


Let  the  silo  dry  after  plastering  for  at  least  one  month 
before  using  It. 

Do  not  apply  coal  tar  to  any  plastered  surfaces  unf!  after 
the  plaster  has  been  allowed  to  dry  for  at  leasi.  weeks. 

Apply  coal  tar  to  the  outside  surfaces  of  the  silo  wall  and 
to  the  cover  slab  to  Increase  the  silo's  moisture  resistance 
further. 


Paint  the  Inside  floor  with  coal  tar.    If  the  floor  Is 
painted,  let  It  dry  for  at  least  two  weeks  before  storing 
grain  so  that  the  grain  does  not  stick  to  the  tar. 


L_ 


JOIN  TV  ^mrr 


hiO^TuvH,  THEM 
►AlKT  WITH 

PRY  (Z  WttKS) 
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INSTRUCTIONS  FOR  USE  OF  THE  CEMENT  STAVE~STLO 


To  be  sure  of  good  quality  storage  for  your  grain.  It  Is  Important  to 
understand  the  proper  way  to  use  the  Cement  Stave  Silo.   This  can  be 
done  easily  by  a  few  steps  taken  at  the  right  times. 

The  Shelter 

The  silo  must  have  a  good  roof  over  It  for  protection  from  rain. 

.    Check  the  roof  often  to  be  sure  there  are  no  holes  In  It 
which  win  let  rainwater  fall  on  the  silo. 

.    Repair  holes  Imnedlately. 


The  Silo 


.   Make  sure  the  filling  and 
emptying  holes  are  well 
sealed  during  storage  times. 
Each  time  you  add  grain  to 
the  silo,  carefully  r-^-seal 
the  filling  hole.  Use 
cement  mortar  or  banco 
(hand-packed,  wetted  earth). 
Banco  Is,  of  course,  less 
expensive  and  Is  easier  to 
use.    If  the  emptying  hole 
does  not  seal  tightly  with 
mortar.  It  can  be  sealed  with 
melted  candle  wax  or  banco. 

.    Clean  the  Inside  of  the  silo  and  check  for  cracks  In  the  walls 
shortly  before  the  beginning  of  storage  each  year.    Light  will 
pass  through  even  the  smallest  cracks.    If  cracks  are  found, 
cover  them  carefully  with  a  mixture  of  cement  and  water. 

.    Use  Insecticides  when  storing  grain  In  this  silo.    Even  though 
the  silo  Is  completely  closed  and  Insects  cannot  enter  to  attack 
the  stored  grain,  there  will  always  be  some  Insects  In  the 
grain  at  the  time  of  filling.   These  Insects  not  only  destroy 
the  grain  by  eating  It,  they  can  cause  conditions  which  lead 
to  rotting. 

.    Open  the  emptying  hole  each  month  to  make  sure  the  grain  Is 
storing  well  and  that  no  Insects  are  alive  Inside.   When  you 
open  the  silo.  If  It  seems  very  warm  Inside,  or  If  there  Is 
a  smell  of  rotting  grain,  empty  the  silo  Imnedlately.  Re-dry 
the  grain. 
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CONCRETE  BLOCK  SQUARE  SILOS 
FOR  COOPERATIVE  STORAGE 


Many  fanners  form  cooperatives  and  store  their  grain  collectively  In 
large  bins.    This  allows  the  farmer  to  get  better  quality  storage  (and 
drying)  than  he  could  afford  as  an  individual. 

The  formation  of  fanners'  cooperatives  Is  an  Important  subject.  But 
this  manual  edition  will  not  deal  with  coop  formation  and  processes. 
However,  the  following  plan  Is  presented  as  an  illustration  of  how 
newer  Ideas  and  methods  of  storage  can  be  applied  to  cooperative 
storage  situations.    It  Is  presented  as  an  alternative  to  the  larger* 
round  silos  so  often  used  for  cooperative  storage. 


.S-fomge  cells 


4.4 


1 

/ 

j\  ■ 

ana 

Silo 

Ccover  offf ) 


Some  of  the  Advant>3<ies  of  the  Square  Silos 

.    Less  expensive  to  build  than  groups  of  round  silos  because 
the  walls  are  shai^ed.    A1so>  building  a  group  of  round 
silos  of  the  same  capacity  would  take  a  greater  area  and 
would  mean  greater  roofing  costs. 

.    Easy  to  expand  by  adding  niore  storage  cells  on  to  the 
ends  and/or  sides. 


I  
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storage  Methods  -148-  Cooperatlve'Sllos 


Stress  and  pressure  of  the  grain  on  the  walls  Is  not 
as  great  as  In  the  round  silo  because  each  storage 
cell  Is  relatively  small. 

Only  one  cell  has  to  b.^  opened  at  a  time  to' get  out  a 
fanner's  grain.    This  means  that  opening  the  bin  Is 
not  going  to  mean  that  the  grain  In  all  the  other  bins 
must  be  re-fumigated,  as  would  be  needed  If  a  large 
round  silo  had  to,  be  opened. 


DESCRIPTION 


This  multiple  celled  storage  bin  has  a  capacity  of  30  tons.    It  Is 
constructed  of  brick  and  re-lnforced  concrete  with  outside  dimensions 
of  9m  X  4.6m.     It  has  8  storage  cells  with  Inside  dimensions  of  2m  x 
2m  X  2m.    A  4m  x  4m  open  space  for  weighing  and  grain  drying  Is 
sheltered  by  the  roof  at  one  end.    Each  Storage  cell  will  have  an  openi 
on  the  top  to  fill  the  silo  and  a  chute  at  the  bottom  to  remove  grain. 


no 


of 


r 


Am 
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Cooperative  Sllbs. 


Storage  Methods  -149- 


Build  the  Walls 
.    Dig  down  to  solid  sub-soil. 

.  Pour  a  pad  of  re*1nforced  concrete  25cin  thick  x  25cin  wide. 
This  will  extend  under  the  Inside  and  outside  walls  of  the 
storage  cells. 

.    Make  wall  bricks  of  fired  clay  brick  or  use  concrete  blocks. 

.   Make  two  layers  of  re-1nforced  concrete:    one*  halfway  up  the 
walls  and  the  other  at  the  top  of  the  walls.    These  liters 
of  concrete  will  support  the  stress  of  the  stored  grain 
and  prevent  bursting  of  the  bin  walls. 


CX3ii\      'foundtsi'i  on 

i  


Hake  the  Floor 

.    Fill  and  pack  sand  or  coarse  gravel  In  the  bins  to 
a  height  20cm  above  ground  level.    This  layer  of  sand 
or  gravel  will  reduce  the  amount  of  ground  moisture 
which  will  be  in  rr.ntact  with  the  floor  slab. 

.    Lay  a  7cm  thick  floor  slab  of  re-inforced  concrete  on 
the  hard-packed  sand. 

.    Put  a  layer  of  tar  paper  (or  other  waterproofing  material) 
on  the  concrete  floor  slab. 
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.    Coat  all  edges  and  seams  of  the  tar  paper  with  a  heavy 
layer  of  roofing. tar. 

.    Pour^,  a  final  3cm  thick  layer,  of  concrete  on  top  of  the 
tar  paper.   This  will  protect  the  tar  paper  moisture 
barrier  from  being  damaged  later  during  storage.  The 
final  floor  level  Is  approximately  30cm  above  ground 
level. 


3.    Finish  the  Wall? 

.    Cover  the  walls  with  a  rough  cement  plaster  on  both  the 
Inside  and  outside. 

.    Paint  the  outside  walls  with  coal  tar  or  other  water- 
repel  lant  material . 


4.   Cover  the  Bins 

.   Make  8  Individual  slabs  of  reinforced  concrete. 

.    Make  the  slabs  on  the  ground  using  reusable  wooden  frames. 

.   Make  a  form  which  leaves  a  60cm  k  60cin  opening  for  filling 
the  bins. 

.    Place  the  re-lnforced  slabs  side  by  side  to  cover  the  silo 
cells. 

.    Join  all  edoes  and  seams  with  a  heavy   layer  of  roofing  tar. 

.    Fill  with  grain,  put  concrete  cover  over  the  filling  hole  and 
seal  with  roofing. 


5.   Make  a  Roof 

.  ..Cover  the  entire  building  with  a  roof,  for  example,  of 
corrugated  sheet  metal  or  local  thatch. 


6.    Oig  a  Orainaqe  Ditch 

;    Dig  a  gutter  along  the  sides  of  the  building  where  the  roof 
is  pitched. 

.    Slope  the  ground^away  from  the  foundation.  " 
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Appendix  A 


This  Appendix  contains  some  examples  of  different  ways  of  presenting 
grairt  storage  Information.  The  examples  are  from  Asia,  Africa,  and 
South  America,  thus  highlighting  the  fact  that  good  grain  storage  Is 
an  Important  subject  all  over  the  world. 
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IPELEGISIWA 


GRAIN  STORAGE  IN  MUD  CRIBS 


The  tradrtionat  Botswana  designs  of  mud  crib^ 
easy  to  build  and  the  materials  cost  ver/  little;  B/ 
taking  more  care  over  some  details  during  construe* 
tion*   you  can  reduce  the   risk  of  insect  damage 
to  stored  grain. 


tsued      the  b«p<iri;^«^t      A£ricu»:uf e,  infcu-rnation  Setv»Qe,  Private  Sa;  37,  Gat>efi><^es 
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eUlLOlNG  A  MUD  CRie 

Choose  d  place  whe^e  the  {round  is  iittn  »nd  welt  dr»med*  bec>uce  ^.aib  full  of  {f»in 
heavjr  and        sink  tnto  soft  01  wet  fround. 

8nn{  sever*!  larfe*  smooth  stones  and  bmy  them  fumljr  m  the  {round  to  form  *  base. 

Use  stronf*  straifht  poles  for  the  mam  cnb  supports  and  Ujr  ihem  on  the  ctones.  Cut 
notches  or  im  pe{S  at  the  ends  of  these  poles  to  prevent  the  floor  polec  from  slippin{, 

Make^  floor  of  mud  and  build  up  the  mud  wails. 
Reinforce  the  mud  cefJin{  with  poles. 


es:«flt  pol*t 


Make  an  outlet  ai  ine  bottom  cf  each  compariment  to  permit  easy  removat  of  {ram.  Use  an 
e-T:,^'.^  coffee  ^^r  -  lT.^lk.  tjn  witn  a  i- j  ^1  :^e  press-m  tjrPe,  Firs:  Ci-t  out  the  bottom* 
then  buJO  ihe  tin         t^e  vvaii  at  fl^or  ICvSL 

6g]|^  :h«  w^tts  r^i;^!      To:rc  ccriiO£  s^  t'.^:  e^^T',  compartment  4S  ccm^ieteijr  separate 
an^  'Jie'e  is  no  tr  ance  of  insects  .T.vvjrnj  from  One  corPartment  to  the  ne«t* 

Plaster  the  msitJe  /^aLts  and  ceiJings.  Insects  hide  in  clacks  and  aevjc*«  poles 
of  the  cc;iin£S.  Therefore  plaster  the  cekhngs  also*  so  that  the^e  is  no  £aP  between 
the  walls  and  cei tings 


BKT  COPY  AWIUBLE 
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Cover  the  completed  mud  crib  with  a  thatch  roof  supported  on  separate  Poles*  Thatch 
shou'ld  be  thick  «id  rain  proof  especially  alon^  the  ridte.  The  foof  must  also  extend 
well  beyontf^he  crib  so  that  rain  cannot  reach  the  mud  walls,  and  the  hot  rays  of  the 
sun  never  shine  on  the  crib. 

The  pldg  for  fflltng  the  crib  should  be  smeared  over  wrth  mud  to  make  the  crib  airtrfht 
and  insect  proof.  Gram  is  removed  by  opening  the  lid  of  theVin  at  the  bottom  of  the 

wail.  ,  , 


USING  A  MUD  CRIB 

Th(*,crtb  should  be  repaired  before  each  harvest,  Mend^the  thatch  and  re^Plasterover 
cracks  »n  the  walls,  floor  and  ceiling.  \^ 

Thorough iy  clean  ouc  the  emPty  crib  by  brushing.  Do  not  keeP  old  baskets,  skins,  sacks, 
etc.  on  top  of  the  mud  crib.  These  things  harbour  the  beetles  that  attack  grain  and  it 
IS  easy  for  them  to  walk  into  the  crib. 
Make  sure  that  new  grain  is  always  Quite  dry  and  has  been  winnowed  or  sieved  before  you 
Put  It  into  a  crib.  Never  iT^lx  neiw  grain  with  old  grain  remaining  from  the  previous  year^ 

To  stoP  insects  d3magff>g  your  £rain,  admix  KoPthion  or  Pyrethrumdust  (I  Packet  of  dust 
to  each  '^OO  lb.  of,  grain  J  These  insecticides  arei)referred  but  the  ash  from  cattle  dung  or 
wood  may  be  used.  Mix  not  less  than  one  bucket  of  sieved  ash  with  each  200  lb.  of  grain. 
Examine  the  condition  of  your  grain  every  2  months  by  removing  asamPle  and  looking  for 
^^e  insects.  If  yoti  frnd  uiem,  remove  the  grain,  winnow  it  and  admix  Kopthion  or  py 
rethrum  before  returning  it  to  the  crib. 


CAUTION  ; 

Gram  intended  for  human  consumption  should  be  first  sieved  or  winntM^ed  and  washed  - 
especially  if  it  has  been  created  w^th  tnsectfcide  or  ash. 

If  you  would  Uke  further  helP.  ask  your  Agricultural  Demonstrator. 

KEEP  THIS  LEAFLET  FOR  FUTURE  REFERENCE 


Pnr*tr*      Government  PnfMer  Gaborone* 
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SAVE  GRAIN 


■         t  ■  „  .   ^  .... 


PROTECT  YOUR 


GRAIN  IN  STORAGE 


FROM  DAMAGE 


UYt  CKAIIIt  fJMPAICN 

'  {  Countiy  WitJe  PfOflramme  ) 
DEPARTMENT    OF  FOOD. 
NEW   O  E  I  H  I '  1  . 


>  ■  r  A \  : 
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Apply  the  5  OoUlcn  Rules  ; 

1       .  ' 

Dry  and  clean  your  grain  befora  storing^ 

Use  dunnage  to  aveid  moisture  4>mage  to  grain 
stored  in  bags.  • 

Use  domestic  bins  or  improve  your  storage 
structure. 

Fumigate  with  EDB  ampoules  to  avoid  insect 
damage. 

Use  anticoagulant  for  rat  control. 

f 

J 
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Use  dunnage  io  avoid  moisture  damage  io  grain 
stored  in  bags. 


Wooden  crate  and  bamboo  nMt  prt^vont  moisture  pick  up  from  ground. 

•        Use  domestic  metal  bins. 


,S*'i^:ct  ih<:  Umis  to  <^tMt  ^ti-p:  neriK.  ln]prc*v*^(J  bins  aro  moisluro 
prool  ^luj  Efit  prooL  M  is  I'dbK^r  lo  fur^ntj^i^  grain  in  Ihem  (or 
ffpsp^p  t  cont'  at. 

OR 


Ei.Knp^^t^  yotjr  si^'ja-^  s^roctj't^  hp-loro  slOfinQ  grAin.    C(ean  it. 
AtU'ruf  1  o  cr -Y  .1  '  j    P-.        iii^^i  wh*tp"- wa^h  It  Aiul  also  mako 
Tdt  proot  rinJ  inoisturp'  jpro^^*      far  as  pObS-biu. 
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Fumigate  with  EDB  ampouUt  to  avoW 
inMcf  damage. 


Fumigate  when  the  grain  i%  stored*  Chech  period^CAJty  «nd 
fumigate  tigttrn  tf  you  'md  Uve  insects. 


!^«;^Use  anticoagulant  for  rat  control* 


Rats  domtie  stored  gram  and  contaminate  it  w»lh  their  cicret* 
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i-OR  ADVICE  ON  YOUR  STORAGE 
PROBLEMS    AND  TRAINING 
CONTACT  ANY   OF  THE 
FOLLOWING  PLACES 
IN  PERSON  OR 
BY  POST  : 


SAVE  CKAIK  lAMMICN 

Department  of  FocO 
Minisiry  of  Ai^ricuhurc 
Krishi  Bhavan 
New  DclhM. 

OR 

Post  Box  No.  JO  Post  box  No.  7823 

Hapur  (U.P.)  Bombay 

Foil  Box  No.  509  Post  Box  No.  22 

Patna  (Bihar)  Bapatia  (A.P,) 

Post  Box  No.  158 
Ludbiana  (Pb  ) 


Prepared  by  : 

mm  CHAIN  sruKACt  iiy$miiT£ 
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CONSERVE  SANO  SU  MAIZ 


A-13 


MIIMISTEniO  OE  AGRICUUTURA  Y  C3AIMADERIA 


ieccm 


DPI  de  Productos  Almacenados-Extensidn 


M.nKi^u.i,  l>N!.,Nic;ira^;ua,C.  A. 
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PRESERVE  CORN  SAFELY  IN  STORAGE  BARNS 


MINISTRY  OF  AGRICULTURE 
Division  of  Stored  Products-Extension 

Managua^  D.N. ,   Nicaragua,  C.A. 


Preparado  por:  ^^^^  ^opez 

Prcduct^  Almacenados. 


Kevisado  por: 


Francisco  Estrada 
Jefe  de  Extension  de 
Productos  Almacenado9» 
M.A.G. 
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EVITE  PERDIDAS  DE  SU  MAIZ  EN  LA  TROJA. 

Cada  ano ,  durante  el  perxodo  comprendido  entre  la  cosecl^  y  el  momento  en  que 
el  producto  Uega  al  consumidor,  el  exceso  de  humedad  del  grano,  el  ataque  de 
roedores^  hongos,  insectos  y  pajaros,  originan  perdidas  considerables  al  agricultor 
y  al  comerciante, 

PAJAROS  HONGOS  ROedOres 


ESTOS  ITACTORES  AFECTAN  EL  BUEN  ALMACENAMIENTO  DEL  MAIZ 

La  mancra  de  cvitar  tales  perdidas^  es  el  control  sobre  las  causas  antes  menci£ 
nadas,  mediante  un  manejo  eficicnte  dc  los  granos^  y  dandoles  una  adecuada  pxotec 
cion  durante  el  almacenamxcnto. 


La  humedad^  el  primero  de  estos  factores^  puede  controlarse  de  una  manera 
efectiva,  mediante  un  buen  secamxento  del  grano,  ant^s  de  guardarlo  en  el  almacen 
o  granero;  bajando  su  contenido  de  hun^edad  hasta  un  12%  o  sea  cuando  este  bxcn 


seco. 


'{II  \  \X 


SECAMIENTO  DEL  PRODUCTO  HASTA 


12%  DE  C/H. 


ERIC 
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PREVENT  STORAGE  LOSSES  OF  YDUR  CORN  IN  THE  BARN 

Each  year,  during  the  period  between  the  time  of  harvest 
and  the  time  when  the  grain  reaches  the  consumer,  there  are 
considerable  losses  for  the  farmer  and  merchant*     These  losses 
are  due  to  excess,  grain  moisture^  the  attack  of  rodents,  mo  ds» 
insects  and  birds* 

MOISTURE     BIRDS  MOLD  RODENTS  INSECTS 


These  factors  affect  the  good  storage  of  grain 


The  best  way  to  prevent  such  losses  is  to  control  the 
causes  by  proper  handling  and  adequate  protection  of  the  grain 
during  storage* 

Dampness,  the  first  of  these  causes  of  grain  loss^  can  be 
controlled  effectively  by  good  drying  before  storage*     The  safe 
moisture  content  for  corn  is  12%  or  lower* 


DRYING  THE  PRODUCT  TO  12%  OR  LOWER 


A. 
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Pricticamente ,  podemos  calcular*  si  la  humedad  en  el  grano  esta  buena  para 
coneervarlo,  cuando  al  morderlo,  este  se  quiebra*  sin  presentar  elasticidad  y  que 
no  este  lechoso* 


Tambieh  podemos  saber  que  el  grano  no  esta  aun  bueno  para  almacenarse ^  cuan 

>ntimos  el  calor  provenLente  de  ellos^ 


do  al  introducir  la  mano  entre  estos  granos*  se   ^  , 

que  por  exceso  de  humedad  se  encuentra  en  plena  actividad  respiratoria :  en  carnbio, 


5e  sentira  fresco  el  grano  cuando  debido  al  secamiento*  hay?,  disminuido  dicha  act^  y 

,n  reposando  y  podran  ser  almacenados^  sin  mucl^      I  ' 


vidad;  entonces  los  granos  estara^i  ^.^^^^0.1^^1^  j  ^wvu^o.!^  scj.  ^j^^^^^m.^ 
riesgo  de  que  se  desarrollen  hongo3«  y  sin  peligro  de  que  se  pudran. 


POCA 
HUMEDAD 


EXCESO  DE 
HUMEDAD 


12%  DE  HUMEDAD 


La  humedad  y  el  calor  excesivos,  son  ambientes  propicios  para  que  se  des- 
arrollen  hongos  que  ocasioraran  daflo  al  producto  que  se  almacena* 

El  daflo  por  roedores  puede  evitarse  en  gran  parte  proporcionando  al  local  de 
almacenamiento  una  adecuada  protecci6n»  contfa  el  acceso  de  las  ratas.  Tambien 
manteniendo  los  alrededores  del  granero  limpio  de  malezas  y  4iesperdicios,  ya  que 
estos  roedores  prefieren  no  movilizarse  por  silios  despejados» 

£s  muy  efectivo  para  su  control  el  u5o  de  raticidas  en  forma  de  cebos^  de  los 
que  sc  vcnden  en  el  comercioi  tales  como  Racumin^  Zelio,  etc* 

No  se  deben  dejar  estos  cebos  al  alcance  de  los  niflo3  ni  de  I05  animales  domes; 
ticoi>i  porque  son  productos  muy  venenosos\ 
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In  practice,  we  can  check  the  moisture  content  in  the  grain 
which  is  safe  for  good  storage  by  biting  it.  Dry  grain  is  hard, 
so  it  will  break  with  a  sharp  crack,  rather  than  crushing  easily 
like  wet  grain. 

We  can  also  find  out  if  grain  is  in  good  condition  for  stor* 
age  by  touching  it.     If  we  feel  heat  rising  from  the^  grain,  it 
is  too  wet*     If  the  grain  is  excessively  wet,   it  will  respire, 
producing  heat  and  moisture.     On  the  other  hand,  dry  grain  will 
feel  cool*     If  grain  is  giving  off  heat,   it  should  be  dried 
immediately  to  assure  storage  without  risk  of  mold  development 
and  rotting. 


DEATH 

MOLD 


TOO  MUCH  LITTLE  MOISTURE 

HEAT  LITTLE  HEAT 

TOO  MUCH  l2Yo  MOISTURE 

MOISTURE 


Moisture  and  excessive  heat  are  favorable  conditions  for 
the  growth  of  molds  which  will  damage  the  grain. 

Damage  by  rodents  can  be  avoided  to  a  large  extent  by 
protecting  the  storage  area  against  the  invasion  of  rats.  Also, 
the  surrounding  areas  of  the  granary  should  be  kept  clean  of 
weeks  and  garbage  as  rodents  prefer  not  to  move  through  open, 
clear  areas.     The  use  of  pesticides  such  as  Racumin,  Zelio, 
etc#,in  the  form  of  bait,   is  effective  for  control  of  rodents. 

These  pesticides  should  not  be  left  within  the  reach-^?of 
children  or  pets  because  they  are  extremely  poisonous  products 
and  can  cause  serious  illness  or  death.     Rat  poisons  should 
always  be  used  very  carefully,   following  recommended  instructions. 
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COL-OCACION  DE  CEBOS  PAI^  RATAS 


'lATAS  BAMEU  'CAJAS 


EN  LUGARES  TRANSITADOS  FOR  LAS  RATAS, 
FUERA  DEL  ALCANCE  DE  NINOS  Y 
ANIMALES  DOMESriCOS. 


Ei  daiio  par  msectos,  es  el  que  generalmente  causa  mayores  perdidas  en  los 
productos  quu  se  almacenan.  Su  control  se  debe  ejercer  desde  el  raoraento  en  que 
esta  comenzando  a  floriicer  en  el  carapo  el  ma.{z  que  se  piensa  cosechar  y  almace- 
nar.  En  este  tiempo  en  que  ya  esta  espigando  el  maiz,  los  insectos  pueden  estar  en 
alguna  troja  infestada,  cercani.  al  plantio  de  niaiz;  vuelan  hacia  el  carapo  en  busca 
de  nuevo  alimento  y  coinienzan  a  penetrar  la  mazorca  por  las  aberturas  de  la  tuza: 
resxiltandoles  mas  facil  la  penetracion,  ciiando  esta  tuza  ofrece  escasa  proteccion 
ai  grano. 

Es  por  esto  que  algunas  variedades  mejoradas,  se  pican  mas  facilmente  que  las 
variedades  crioUas,  pues  estas,  generalmente  poseen  buena  cobertura. 


EVITE  QUE  LOS  GORGOJOS 
VUELEN  HACXA  EL  CAMPO, 
DESTRUYA  LOS  RESIDUOS 
INFESTADOS  Y  LIMPIE  LA 
TROJA 


GORGOJ( 

TROJA 
INFEST  ADA 


EL  CICLO  DE  LA  INFESTACION 
COMIENZA  EN  EL  CAMPO 

1^? 


SELECCIONE  SOLO  MA20RCAS 
SANAS  PARA  ALMACENAR 


MAI2  INFEST  ADO 
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PLACEMENT  OF  BAIT  FOR  MICE/RATS 


CANS 


BAMBOO 


BOXES 


IN  PIAv  S  TRAVELED  BY  RATS  OUT  ^ 
OF  TiiE  REACH  OF  CHILDREN  AND  FARM  ANIMALS 


Generally,  the  greatest  losses  in  stored  products  are 
caused  by  insect  damage.     Insect  coiitrol  should  be  exercised  . 
from  the  moment  the  corn  is  teginning  to  mature  in  the  field 
through  the  time  when  the  corn  is  harvested  and  stored.  Insects 
may  be  in^  an  infested  biirn,  near  the  grain  field,   flying  through 
the  field  in  search  of  ni^w  food,  or  already  beginning  to 
penetrate  the  ear  of  corn  through  openings  in  the  corn  husk. 
The  only  natural  protection  of  the  corn  cob  is  the  husk,  which 
can  be  penetrated  by  insects. 

Some  of  the  newly  developed  varieties  of  corn  have  husks 
which  are  more  easily  penetrated  than  traditional  domestic 
varieties.     Extra  precautions  against  insect  invasion  ifeed  to  be 
taken  with  these  newer  varieties. 


THE  CYCLE  OP  INPESTA 
TION  BEGINS  IN  THE 
FIELD 

PREVENT  INSECTS  PROM 
PLYING  TO  THE  FIELD, 
DESTROY  INFESTED  REMAINS 
AND  CLEAN  THE  BARN 


INSECT 


INFESTED  BARN 


MATURE  CORN 


'  .  INFESTED  CORN 

SELECT  ONLY  HEALTHY  EARS  OF  CORN 
FOR  STORAGE 
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111  YARDAS  CUADRADAS 


6  ONZAS  c.c.) 
MALATHION  LIQUIDO  57% 


1  GALObT  DE  AGUA 


para"  evitar  esta  infeMacion  en  el 
campo,  -e  debe  limpiar  el  granero  de 
todos  los  residuos  de  la  cosecha  ante- 
rior, que  puedan  esUr  infestados,  y  que 
marlos  o  destruirlos.  Luego  hacer  um 
aplicacion  de  Malathion  liquido  al  57%, 
dUuyendo  primero  17   1/2  cucharadas 
(6  onzas)  de  este  insecticida,  en  \m  ga 
Ion  de  agua.    Con  una  bomba  de  asper- 
sion rociarcompletamente  eltecho,  las 
'  paredes  y  el  piso  del  granero,    Con  xm 
galon  de  esta  mezcla,  se  podra  cubrir 
una  superficiedelUvardas  cuadradas. 


APLICAR  MALATHION  LIQUIDO,  SOBRE  LAS 
PAREDES,  TECHO  Y  PiSO  DEL  GRANERO. 


BARKER  Y  LIMPIAR  EL  GRANERO  RESIDUOS" 
■   LIMPIAR  LOS  ALREDEDORES  QUEMAR  LOS  Rh-^iuuva 


ERIC 
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6  OUNCES   (175  C.C.) 
MMATHION  LIQUID  57% 


1  GALLON  WATER 

in  order  to  prevent  infestation  in  the  field,  the  granary 
should  be  cleaned  of  all  the  remains  of  the  previous  harvest, 
which  may  be  infested,  ^and  these  remains  burned  or  destroyed. 
Next  make  an  application  of  Malathion  liquid  of  57%  by  diluting 
17  1/2  spoons  (6  oz.)  of  this  insecticide  in  a  gallon  of  water. 
Using  a  sprayer,  completely  cover  the  ceiling,  walls,  and 
floor  surfaces  of  the  granary,    with  a  gallon  of  this  mixture, 
a  surface  of  111  square  yards  can  be  covered. 


APPLY  MALATHION  LIQUID  ON  THE 
WALLS,   CEILING  5VND  FLOOR  OP  THE 
GRANARY 


MATURING  CORN 

SWEEP  AND  CLEAN  THE  GRANARY 
CLEAN  THE  SURROUNDING  AREA 

BURN  THE  REMAINS 
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Al  llcvar  ^1  maiz  cosechado  hacia  la  troja  o  granero,  para  almacenarlo,  se  de- 
ben  seleccionar  las  mazorcas  sanas^  evitando  guardar  mazorcas  picadas  que  infe^ 
tarian  a  las  otras  mazorcas. 


SELECCIONE  SOLO  MAZORCAS  SANAS  PARA  ALMACENAR 

No  se  debe  dejar  el  maiz  ya  maduro  doblado  o  sin  doblar  en  el  campo,  por  mu- 
cho  tiempOf  porque  queda  expuesto  a  la  infestacion  de  insectos  y  al  ataque  de  ratas 
y  pajaros  ,  durante  un  periodo  nnas  prolongado*  Se  debe  proceder  a  la  cosecba^  tan 
pi  onto  conno  lo  permitan  las  condiciones  del  annbiente  y  el  contenido  de  hizmedad  del 
grano. 

Para  proteger  al  maiz  que  se  va  almacenar  entrojas,  se  recomlenda  apllcar  el 
insecticida  Malathion  en  polvo  al  2%«  Este  se  debe  aplicar  por  capas,  es  decir  co- 
locando  primero^  sobre  el  piso  donde  estara  la  troja,  una  ligera  capa  de  insectici- 
da«  despues  se  coloca  la  primera  capa  de  mazorcas,  luego  otra  capa  de  Insectici- 
da, y  asi  sucesivamente  hasta  dejar  la  troja  Uena  a  la  altura  deseada*  Las  dosis 
que  se  recomiendan  para  el  uso  de  este  insecticida  estan  de  acucrdo  al  taniaAo  de 
las  mazorcas.  Asi^  tenemos  que  para  los  hibridos  y  variedades  mejoradas,  como 
el  taniaAo  de  la  mazorca  es  un  poco  grande,  hay  que  aplicar  una  onza  de  Malathion 
Z%  en  polvo  (Triangulo  Verde)  por  cada  100  mazorcas  Con  tuza*  Para  las  varieda^ 
des  crioilas  »  como  las  mazorcas  son  mas  pequeiias*  se  debe  aplicar  una  onza  d^l 
insecticida  por  cada  150  mazorcas  con  tuza. 


APLlCACiON  DE  INSECTICIDA  EN  TROJAS  DE  MAIZ 


PARA  CADA 
150  MAZORCAS 


UAIZ 
CRIOLLO 
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POLVO 

TRIANGULO  VERDE 


PARA  CADA 
100  MAZORCAS 


MAIZ  HIBRIDO 
O  MEJORADO 
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When  the  harvested  corn  is  brought  to  the  barn  or 
granary  for  storage^  the  best  ears  of  corn  should  be  selected^ 
avoiding  the  storage  of  ears  which  are  already  infested  with 
insects^  as  these  insects  can  easily  infest  other  ears  of  corn. 


SELECT  ONLY  HEALTHY  EARS  OP  CORK  FOR  STORAGE 


The  ripened  corn^  whether  piled  on  the  ground  or  still 
on  the  stalky  shouJ.d  not  be  left  in  the  field  too  long  be- 
cause over  a  prolonged  period  of  time  it  is  exposed  to  the 
attack  of  rodents  and  birfis,     Che  harvest  should  be  carried 
out  as  soon  as  the  climatic  conditions  and  moisture  content 
of  the  grain  permit. 

To  protect  the  corn  to  be  stored  in  barns ^  it  is 
recommended  that  2%  Malathion  insecticide  in  powder  be  applied. 

This  should  be  applied  in  layers*     Pirst^  dust  a  thin 
layer  of  insecticide  on  the  floor  where  the  grain  will  be 
stored,     Next^  after  the  first  ears  of  corn  are  placed^  dust 
another  layer  of  Insecticide  and  so-on  until  the  barn  is  filled 
to  the  desired  level*     The  doses  recononended  for  the  use  of  this 
insecticide  are  in  accordance  with  the  si^e  of  the  ears  of  corn* 
Thus^  we  have  to  apply  one  ounce  of  2%  Malathion  in  powder 
{green  triangle)   for  every  100  ears  of  hybrid  and  newly  developed 
varieties.     As  the  ears  of  the  native  varieties  are  smaller^  one 
ounce  of  insecticide  for  every  150  ears  should  be  applied* 
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Estc  polvo  debe  ser  espolvoreado  sobrc  la  superficic  de  todas  las  mazorcas,  de 
modo  que  las  proteja  totalmente.  Se  puede  lograr  una  aplicacion  uniformc,  utilizan 
do  una  media  de  tela  de  Nylon  o  cualquier  bolsa  de  tela  rala,  que  pcnnita  ai  polvo 
filtrarse  facilmente  hasta  las  mazorcas. 


Se  debe  aplicar  exactamente  la  cantidad  de  insecticida  que  se  recomienda  y  se- 
g\iir  los  metodos  indicados,  para  evitar  malos  efectos  del  polvo  por  una  defectuosa 
aplicacion. 


3  M 

Junio  1  975. 


Edltado  e  impreso  en  la  Seccion 
de  Publicaciones  del  SCCA  del 
MAG, 
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APPLICATION  OF  INSECTICIDE  IN  CORN  BARNS 


POWDER  (GREEN  TRIANGLE) 
FOR  EVERY  100  EARS 


FOR  EVERY  150  EARS 


NATIVE  CORN 


HYBRID  CORN 


This  powder  should  be  sprinkled  on  the  surface  of  all 
of  the  ears  of  corn  in  a  way  that  totally  protects  thein#  A 
uniform  application  may  be  obtained  by  using  a  nylon  sock  or 
any  sack  or  bag  with  a  loose  weave  which  permits  the  powder  to 
easily  be  filtered  through  to  the  ears  of  corn# 


Apply  2%  Malathion  in 
powder  uniformly  over 
each  layer 


In  order  to  avoid  problems  caused  by  the  improper 
application  of  insecticide^  the  exact  recommended  quantity 
should  be  used  and  the  indicated  methods  followed. 


ierJc 
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Appendix  6 


This  Appendix  contains  excerpts  from  an  article  which  appeared  In 
Tropical  Stored  Products  Information  In  1971.    It  Is  Included  here  to 
give  you  some  Idea  as  to  the  types  and  number  of  moisture  meters  which 
are  available.   A  Table  Included  at  the  end  of  this  article  also  lists 
the  names  and  addresses  of  the  manufacturers  and/or  suppliers  of  the 
meters  so  that  you  can  wiflte  for  further  Information. 
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The  following  material  is  taken  from  Tropical 
Tropical  Products  Institute.  1971 ,  VOL.  21 


Stored  Products  Information, 


GUIDANCE  IN  THE  SELECTION  OF  MOISTURE  METERS 
FOR  DURABLE  AGRICULTURAL  PRODUCE 

■by 

T  N  Okweiogu 

Tropical  Slored  Products  Centre  . 
(Tropical  Products  InstMute),  plough 

Sources  of  Information 

The  three  prmcipal  sources  of  information  available  to  the  prospecrtve  user  are  (i)  newspapers,  maga-t 
zmes  and  journals,  (2)  manulacturers*  brochures,  and  (3)  Organizations  in  a  position  10  give  unbiase<} 
tntOrmaliOn  about  mOiSlure  melerS* 

Some  newspapers*  magazines  and  journats*  whtch  occasionally  contain  inlormalion  about  meters,  inclu<Je. 
the  Financial  Times*  Electronic  Age.  and  Power  Farming.  Whilst  manulaclurers  are  always  helpful  in 
Supplying  plenty  of  information  about  Iheir  Own  range  of  meters,  inlormalion  about  a  much  wider  range  of 
meters  w*  ii  be  more  likety  to  be  obtained  from  organizations  having  unbiased  interest  in  these  instruments. 
Examples  of  such  organisations  are  (t)  Tropical  Stored  Products  Centre*  (Tropical  Products  Institute)* 
SJough,  England,  (2)  Grajn  Storage  Oepariment,  Pest  infestation  Control  Laboratory,  Ministry  ol  Agricul-* 
lure.  Fisheries  and  Food*  Slough.  England*  (3)  National  institute  of  Agricultural  Engineering,  Wrest  Park, 
Silsoe*  Beds.  England,  {4)  Grams  Division*  Agricultural  Markehng  Service, United  Stales  Department  of 
Agriculture,  Agricultural  Research  Centre.  Bettsvilie,  Maryland  20705*  USA.  Artrcies  on  moisture  meters 
sometimes  appear  m  the  publications  of  these  and  other  sin^ilar  organisations* 

Tables  I  and  1 1  give  details  ol  some  available  moisture  n^eters,  particularly  how  they  can  be  obtained  and 
the  commodities  with  which  they  may  be  used*  These  details  are  based  upon  information  provided  by  th» 
manufacturers  of  the  meters* 

With  every  piece  of  information*  it  is  Importani  [q  ask  the  question'  is  this  inlormation  sulficient  for  a 
decisive  opinion  to  be  formed  about  ihe  meter?  Where  the  answer  is  *no' .  lurther  enquiries  should  be  made. 


Factors  tc  Consider  in  Making  a  Choice 

It  can  be  seen  Irom  Tables  1  and  ii  that  for  any  specific  purpose*  several  meters  can  be  found,  making  the 
problem  of  choice  a  real  one,  indeed.  A  satisfactory  selection  is  likety  to  be  achieved  when  adequate 
thought  has  been  gjven  to  the  loilowmg  factors: 

t.  Meter  tyf^es  and  thejr  impJicatjons. 

2.  Characteristics  ol  the  con^n^odity, 

3.  Requirements  of  the  work  for  which  a  meter  is  sought* 

4.  Business  considerations. 
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principles  and  Imphcntions  of  Metef  Types 

Mom  m.iouMf  r^Kt^rs  MuJic^ii^  \uo  principles  upon  --vh  cn  the  .Id. on  of  meir  meiers  IS  bnsed.  An  npprecia- 
uon  Qi  ifK^  ii^ipi.c.iiion   oi  snch  pniK'ptes  wHl.  no  doiim.  be  01  considerable  value  in  deciding  which  ol 
scvL^f.ii  mi.^i,-rs  \Mit  bo  tho  i.K^M  Ml.^nbt^^  Tne  nielL-rb  commoMy  used  with  durable  asfiCuHjr.il  products 
l;iU  ifilo  five  qru'jps.  i\i.LOrUw  U>  ir.e  principles  of  Uioir  .\cUOn 

\^    j\nr-r  u;v(>ivi[U|  chtjinicil  int>jrract)Oii  b*:^U-.f''.^ii  caidum  cuLide  .md  ihe  pioducl  w.iier,  with  the 
^MOhiiiijn  ol  .iC'^Ty^er^'.*  q.i<i,  v.^o  ^ve^isure  0*  which  >s  S'jbsequently  nie.isured. 

J.    Tr-^'.r  M,v^  i^nu]      il'J«,^niq  0^  the  product,  the  atier^darit  loss  being  ascribed  10  evajSoraied 

J,    1  fio^    irivri^^ini]  n.>^  nl.M■.nTt.>l^uMlt  n(  ^Ml>ctn.Ml  coi^duC  1 1 v 1 1  y  (Or  resistance)  Of  the  product.  Since 
^,  >h,  ,  jjio;  v[iy  IS  ft-hit.ible  lo  rfiL*  [uoisujfo  cur^tonl.  v/Mhrn  a  suHnhle  range  oJ 

.  ^  J     -  host-  ri  .mI  vuu;  m^v  nio.i ^iit cuen I  oJ       ciu^M-cUic  co^i'^r  ml  of  the  produci  (Or  capaciiance  of 
^  i  ^v^^     o^  .  Auo^  Mi-^  prod^ict      i  cotuponenn.  Since  the  vaUie  o(  ihjs  property 

ch  Lii  ic^s  v.iiri  Uu-     ,1         c^.r^te^l^  wOVni  ,i  s.j M  iS)>»?  r.i[^qo  oi  MiOisiure  conlenrs> 
t  h(j      in  ,  .1  .i[^';        [-<\^v^,rt^iT  *irn       Ih.a  .Urhospher  iC  itf  i.^h  vt^  i^unudity  which  iS  m  eiuilibfi  Jm 
..  itii  ui.,^  [Tod^jLt  ill  jviuro.  Since,  uniioi  i*  unnbrium  cO'tC  i  ^ -ons.  lhi*ie  is  a  definite  rolauonship 
t>ot.%t^t^n  V\r  l        cn:iK*nl  <.f      [HOtlcjCt  aa-l  fiiv  ai^biOnl  relative  hnnudHy  . 

H<  i;  uiyiri<|  's^ririisis  JK*  l(nfe  J  buitabio  sulhICo  Of  pnv.er -Sapp'^  or  fi,iel ,  whiCh  may  not  be 
avaHjLMe  ij  i^*^ri  oi\  uiv  <*vo'i:l'Or^  oJ  aceiyion*-  i:  is  retiuno  reguiat  supplies  of  fresh  CsttCtum 

c^lrblkIt^  .*,hich  IS  nol  a  s      cormnodUy  10  h.nulle  t  y  po^L  bee  u^^e  of  tiie  risk  o(  exptoston.  Meiers  measur 
niij  the  iiuer*<jr.in.j.ir  TL*iLitr:t'  h.rtiidiiy  reiuKen  fusMy.  a  knovJedcjo  Of  the  reiahonship  betvveen  the  pro- 
dijce  mois^jre  cenieni  anj  :he  reLihve  luinndity  of  the  tiiter-qr.iTiuhtr  dir.  secor^dly,  a  penodic  check  on 
iheif  c.^hbfaiujiL^  ,nid  thuoiy   ii\  ^o\hv  case^ »  larqe  q^Jal^tl lies  ot  produce  \vh*ct^  n^ust  have  remained  undis 
turbed  foi'  bO[>K^:j''ie  prior  to  J'.^^^nc). 

elocUic.il  [i  et*^r<^  are  J  t^^r,  ^md  m       ruam.  ies<  ce"^'nd1l■^q  ca  cai*brahon  checks,  but  require 
skilled  st^rvictng.  Ai^o.  l^iey  t;ive  le^'^  reliable  readtnri^  outside  the  middle  region  of  the  range  o(  mois- 
hjre  conff^jHs  ![■:  -n^nr^J  Ih^v  jrt'  c.J'^bfaTf-^  Ihe  acctJ'  icv  oi  iht^  probe  ryf.^e  elerir^ca^  nieters  ^s  tlHecied 
by  \p,Ki  Uio'is  in  "'^t  ;h".*^s  hF*.^  ■►■oiie^j  Ly  *ho  ;^iot]iiC**      Use  elertiodos.  while  tl^e  cor^sistency  ol  the  read- 
in^i^      tfuv.e  '^i*  : '/r^      ic^  \-.  *-.isuu*  the  'jL*piei:.;j ic  con$;ani  is  afJecled  by  inconsistent  packing  o(  the 
Sviri^ple  m  the  :v  >t  c'  i",b»M . 


Attention  h.is  be*.^n  foc^H^oJ  ^.Love  on  tho  le^^s  labour, u.'kle  features  of  Ihe  meter  groups  mamly  because  they 
aft*  rri^ij*  iiKt-'ip  to  he  uvoMO'  -L'si.  hiU^'^ru.ition  on  'uo  meriii  of  any  nieter  ■'.<il  not  ncrmalfy  be  difficult  1o 
obtain,  dfij  Tobies  i  and  H  ^ho.%  riie  relative  nienrs  of  itie  nieiers  discussed  in  the  present  articte. 


Characteristics  ol  Ihe  Coitimodity 

Tne  coinr^^-^jr; ,  [0      iebU\]  ir'i;kF^es  a  ^^u:nt)t?l  of  Irni t  itions .  and  these  nujsl  be  taken  into  accoun(  whef) 
consider  flit;  ii^o  ^nbe  of  any  n-oier,  Pertuips  Mie  bt.'si  Wtiy  to  do  Ihis  is  to  answer  questions  such  as  the 
tol  lowi/ig. 

First.  IS  the  cheniic.U  n.itjre  0^  any  nomuii  pre  treatment  of  the  produce  likely  to  interfere  with  the  use  of 
the  meter'^  For  mst.mce.  meters  niea:suring  electrical  conductivity  may  not  be  suitable  for  produce,  like 
sah-fish.  vJ.icn  .viH  become  tughiy  conductive  wfien  damp.  Again,  for  commodities  like  drred  egg  or  m>fk, 
a  heat-dfying  meter  i^^ay  not  be  suitable. 

Second,  IS  ttie  < ^o-sl  jrt*  ccnlerM  lo  b'.  n^ea^-jrf^d  ootside  the  rnitvie  fr^f  .-.fncti  the  niete^  is  caiibmtej^  For 
exaniple.  very        electrical  "K'^ier^  are  knoun  \j  Lie  s^ntab'e  fo*^  ■  *  'oducl  like  nude-Tea  t^vhos.e  nioisture 
content  IS  nor-^  any  jo ■  lo  be  bt^io^-.  ?  per  cen:   *  .i:  is  outsicv  rt  -  r j^  i^e  c-  moisture  contends  for 
which  most  electrical  meters  .ae  c  i-HMatoa. 


404 


B-5 

Third,  is  Uie  nnlljng  properly  ol  ihe  produce  incooipntiblr  vvilh  Uie  elfechve  use  of  ine  meter?  For 
example, commodities  like  macadanJa  nuls*  pAim  kernels  ind  copm  nre  not  easily  ground*  while  others 
like  cashew  nuls  (not  ihe  kernels)  are  simply  noi  amenable  \o  grinding. 

Fourth,  are  Ihe  unil  size  and  shape  of  Ihe  produce  likely  lo  aflecl  Ihe  efricient  use  of  the  meter?  The 
construction  of  Ihe  meter  may  be  such  that  il  cannot  be  pushed  into  floury  or  powclery  produce  wilhoul 
hampering  Ihe  measurement  of  moislure.  Again,  larger  products  like  cocoa  beans,  unshelled  groundnuts, 
cashew  nuts  and  pieces  of  ilhpe  nuts  iShorea  spp.)  will  present  packing  problems  with  some  met«rS4 

tf  the  answer  to  each  of  the  above  Questions  is  an  unquatilied  "Ho\  then  the  meter  oifiy  be  considered 
suitable  for  the  product.  But  a  'Yes'  answer  can  make  alt  the  difference  between  a  meter  b€in9  chosen 
or  rejected.  In  such  a  case,  stePs  should  be  taken  to  see  what,  if  anything, has  been  doi^e  to  sotve  the 
problem,  either  by  the  manufacturer  or  by  someone  el^e. 

Naturt  ol  the  Situation  Needing  a  Motsture  Mtler 

tn  an  article  of  this  kind,  it  is  noi  easy,  even  it  it  is  possible,  to  cover  all  the  situations  where  the  use 
of  a  moistitre  meter  may  be  desired.  However,  such  Situations  are  tikeiy  to  tail  mlo  one  or  the  other  of 
the  lollowing  categories: 

t.  Kno^ving  whether  grain  ts  at  the  right  stage  lor  harvesting. 

2.  The  processing,  (eg  drying  or.miHingK  of  foodstuffs. 

3.  Bulking  or  packaging  produce  lor  storage. 

4.  Commercial  transactrcn.  where  moisture  content  (s  part  of  the  basis  for  payments. 

5.  Kroduce  Inspection  Service. 

AH  the  above  siluatjon?  require  moisture  meters  which  are  not  fragtte,  which  are  consKSlently  accurate 
wilhtri  limits  acceptable  tor  Ihe  particular  purpose,  and.  whose  perlormnnce  is  little  alfec'ed  by  the  operate 
ing  condilrons  of  space,  temperature,  pressure,  tight,  dust  or  wtnd.  They  also  requtre,  to  a  greater  or 
lesser  extent,  meters  that  are  simpte  to  operate*  poriable  and  capable  of  taking  remote  measurements,  as 
with  probe-eiecirodes*  or  stent  hygrometers. 

Business  Considerations 

The  purpose  lor  which  the  use  ot  a  meter  is  usuaHy  contemplated  is  two-lold:  lo  increase  or  improve 
productivity,  (that  is,  the  flow  of  goods  an<l  services),  and  to  ensure  economical  operations. 

Productivity  can  be  improved  by  eniploymg^-a  meter  which  can  give  ^esutts  rapidly;  a  meter  for  which 
spares  and  racihties  for  servicing  and/or  calibration  are  easily  available:  a  meter  which  does  not  depend 
upon  sources  of  operating  power  that  run  out,  break  down,  or  become  short  tn  supply  (eg  battery*  mains 
supptie^,  gas*  paraffin  and  other  fuel). 

Economy  of  operation  implies  keeping  dawn  to  the  minimum  both  cap  tal  and  operating  costs*  and/or 
increasing  the  return  to  un\\  cost.  Additionally,  ihe  wider  ihe  range  o^  w.yi*tmootties  that  a  meter  can  test. 
Ihe  more  economical  wiH  be  its  use.  Likewise,  the  less  destructive  a  lest  is,  the  less  will  be  the 
incidenlal  loss  to  produchon.  caused  by  the  use  ol  a  meier.  Although  this  kind  ol  loss  may  appear  small, 
it  mjst  be  realised  that  its  magnitude  wilt  depend  on  how  much  produce  is  damaged  at  each  test,  and  how 
many  lines  such  lesis  are  earned  oul  on  a  given  product. 

CoVtclusioos 

It  should  be  clear  from  these  discussions  that  very  few  meters,  if  any,  can  win  Ihe  top  position  in  every 
conceivable  area  of  consideration,  and  that  there  is  no  magic  formula  for  choosing  a  meter.  But  where  a 
choice  has  to  De  made,  the  fmai  responsibiiily  for  it  must  be  thai  o(  the  buyer. 

He  musi  have  a  knowledge  of  the  commodity  to  be  tested  and  Ihe  accurncy  reQuired  ol  a  deierniination  of 
its  moisture  content  the  avAiiabinty  of  the  meier.  and  Ihe  cost  of  operating  ji;  ihe  conditions  under  which 
the  nidtet  will  be  operated  the  ease  of  obtaining  spares  and  facilities  for  servicing  or  calibrating  the 
meter:  the  type  of  power  suppty^required  and  available.  And  when  a  provisional  choice  has  been  made,  it 
is  often  advisable  lo  obiam  the  meter  on  toan  for  trial  before  buying. 
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Table  1  Details  of  some  available  Proprlelary  moisture  meters* 


Meiers  under  prtnctpies 
oi  aciiOn 

Power  suppty: 
B  Battery 
G  Sen-generating 
M  Mnms 

IN  IN Mflt:  reviUiTcW 

Test  speed 
f  Under  1  mtn 
*  *  1  *S  min 
<  > »  over  $  mm 

Accuracy 
(Wflhin  %  MC) 

Price  raitng: 
'  Under  E50 
^         E50  -  E100 
Over  ElOO 

Manufacturer  ^Stipplier 

CHEMICAL  (C) 

C.I 

Speedy 

N 

1 1  • 

1  nonioa  AanwDrin  a  ^0  L10 
'   Sycamore  Avenue, 

Burnley,  Lanes,  England 

DRYING  fD) 

O.I 

X17  Agai 

M 

« » « 

0.3 

• 

A*B.GX.  Jacoby 

Box  2301 4Y,  StoCkhoJm.23 

Sweden 

Cenco  McMSlure 
Ba  tance 

M 

• 

Cenco  InstruTienten  Mij,  n.v. 
Konijnenberg  40,  Post  Box  336 
Breda,  Holtand 

Oynatronic  IR 
MoiSlure  Analyzer 
Mark  i? 

M 

0.2 

*  •  • 

Lab-Line  instruments 
Inlemattonal  l^b-Line  Ptaz«i 
ISth  &  Btooniingdate  Aves, 
Melrose  Park,  Illinois.  USA 

0.4 

IS  Crop  Tester 

M 

*  *  t 

1.0 

• 

Tower  Silos  Ltd 
2  Brock  Street,  Bnth 
Somerset,  England 

0-5 

Vacuum  Motslure 
Tester 

M 

t  * 

0.1 

•  t  • 

Townson  &  Mercer  Ltd 
Croydon  CR9,  4EG.  Eng(i:nd 

ELECTRICAL  CONDUCTIVITY  (Ec) 

Ec.1 

kPW  Aqua  Boy 

B 

0.2 

•  t 

K.P.  Mundinger  GmbH 
0*7253  Renntrigen^  W.Germany 

EC  .2 
6c. 3 

Untversai  Moisture 
Tester 

Sate  Crop  MOfSlure 
Tesier 

G 
B,M 

0-2 
0-5 

...  ^ 
••  J 

Burrows  Equiprf>eni  Co 
>    1316  S^erman  Avenue 

Evanston,  ttlmors,  60204  USA 

(Conld) 


<d 

ERIC 


Footnotes  are  explained  on  p.  28. 
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Tabit  I  (contd) 


Meters  under  princrples 
ol  acti  n 

Power  supply; 
B  Battery 
G  Sell-generating 
M  Mains 

N  None  required 

^     Test  :tpeed: 
+  Ur>de:  1  min 
♦  1  1-5  min 
•  *  *  over  5  rrin 

Accuracy 
{Within  %  MC) 

Price  rating: 
•  Under  C50 
C50-C100 
Over  CtOO 

Manufacturer  'Supplier 

ELECTRICAL  CONDUCTIVITY  (Ec>  (contd) 

EC. 4 

Agit  Moisture  Meter 

B 

+ 

1,0  -  2.0 

* 

Agil  Lid,  Nichotson  House 
Nicholson's  Walk 
Maidenhead,  Beiks,  England 

EC. 5 

Hart  Moisture  Meter 
KlOI.  K103 

B.M 

0.2 

•  •  • 

Hart  Moislure  Meters,  Inc 

400  BayviewS^ve,  Amityville  " 

N,Y,  11701, USA 

cC,6 

'Hydra  probe* 
Copra  Moisture  c 
Meter 

B 

♦ 

2,0  ^ 

• 

Coe's  (Derby)  Ltd  ^ 
Thirsk  Place,  Ascot  Drive 
Derby,  DE2  aJL,  England 

Pr  7 

Marconi  Moisture 
Meter  TF933B 

B.M 

0,5 

•  • 

Marconi  Instruments  Ltd 
Longacre,  St  Atbans 
Herts,  England 

EcB 

Protimeter 
Grainmaster 

B 

f  ♦ 

0,5 

* 

•  • 

Protimeter  Ltd 
Field  House  LaM 
Marlow,  Bucks,  Englartd 

Ec,9 

ScotMec-OKley 

Q 

♦ 

1.0 

*  • 

Scottish  Mechanical  Light 

Industries  Ltd 
42-44  Waggon  Road,  Ayr 
Scotland 

EC, to 

Siemens  Moislure 
Meter 

6,M 

0,5 

•  •  • 

Siemens  (UK)  Ltd 

Grt  West  House,  Grt  West  Rd 

Brentford,  Middx,  Engfand 

OtELECTRJC  CONSTANT  (Ed) 

EdJ 

Cera  Tester 

B 

0.3 

•  • 

AA  N-  Foss  Electric 

39  Roskildevej,  3400 
Hillertfft,  Oemnark 

40  J  (Contd) 
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Table  I  (contd) 


Meters  uoder  principles 

Power  supply: 

Test  speed; 

Accuracy 

Price  raling; 

Manufacturer/Supplier 

of  action 

8  Battery 

G  $elf'9enerallng 

M  Mains 

N  None  required 

+  Under  1  min 
t+  1  -5  min 
+  over  5  min 

(Within  %  MC) 

•  Under  C50 
CSO'ClOO 
Over  ClOO 

DIELECTRIC  CONSTANT  (Ed)  (contd) 

B.M 


Ed.2  Kappa-Janes 
Moisture  Meter 


Ed. 3     Burrows  Moisture 
Recorder 

Ed. 4     Lippke  Moisture 
Meier  FK-R-6 

Ed, 5  Wile 


Ed,&     Super-Matic  Fos& 


EdJ  Transhygrolair 


Ed,d     Sleinlite  Meters 


Ed .9     Dole  300  Moisture 
Tester 


Ed. 10    Cae  Moisture 

Meter  Model  919 


M 

M 
6 
M 

6 

e,M 
e,M 

6 


0.5 
0.3 

0,5 
1,0 

0-3 

1.0 
0.3 


0,3 


Kappa  Janes  Electronics 
27  Stewart  Avenue 
Shepperton.  Middx.  England 

Burrows  Equipment  Co 
1316  Stiefman  Ave,  Evanston 
Illinois  60204,  USA 

Paul  Uppke  K.G.  545  Neuwied 
PO  Box  1760.  Germany 

OY  Flma  Ltd.  Helsinki  70 
Finland 

A/S  N,  Foss  Electric 
39  Rosklldevej.  3400 
HfllerM,  Denmark  ^ 

Les  Applications 
Industrielles  de  la  Radio 
236  Chenm  des  Vitareiles 
Tournefeui  lie  (31)  France 

Seedburo  Equipment  Co 
616  west  Jackson  Boulevard 
Ctitcago.  Illinois  60606  USA 

Eaton  Yale  &  Towne  Inc 
Dole  Division,  I9f^  E  North 
Avenue,  Carol  Siream 
Illinois60t67,  USA 

Canadian  Aviation  Electronics 
Ltd.  Winnipeg  4,  Canada 
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Table  I  (contd) 


Meters  under  principles 
of  achon 

Power  supply: 
BBaltery 
G  SelT-generating 
M  Mains 

N  None  required 

TesI  jpeed 
«  Under  1  min 
t  ^  1  -5  min 
^  ^  t  Over  5  min 

Accuracy 
(Vifithin  %  MC) 

Price  rating: 
•  Under  £50 
£50-£100 
Over  £100 

Manulacturer/Supplier 

G-c-Wyndham 
Moisture  Kleter 

B 

0,5  -  10 

« 

£  J  Chapman  &  Co  Ltd 
Martley,  worcesler.  England 

EdJ2 

C,D,C,  Automatic 
Moisture  Meters 
Hyb  24,  Hyb  25 
Hyb  42.  Hyb  43 

M 

HI 

B 

# 
« 

0  3 
0,5 

« •  • 
•  •  • 

Ltd*  Terminal  House 
Grosvenor  Gdns.  London  SIVI 
England 

tNTEA-GAANULAA  AH  fH) 

HJ 

Oip-Shalt 

Humidity  Indicator 

N 

«  «« 

1,0 

« 

Abrax  Inc*  179/lSH  Jamaica 

Ave.  Jamaica* 

New  York  11432.  USA 

H,2 

Ouicktest 
Models  1  and  2 

N 

1,0 

• 

Opancol  Ltd 

10/11  Gamage  Building 

Holborn  Circus.  London  ECl 
England 


'  AM  the  information  given  in  this  table  has  come  from  ihe  manulacturers 
^  Data  not  available 

NB  The  exclusion  of  an  instrumeni  from  this  table  does  not  necessarily 
imply  Ihe  author's  disapproval  of  lis  use  wilh  agricultural  produce. 
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Tab1«  II  CoimtCHliUts  aiul  somt  camtidaU  moislurt  mettrs* 


Meter 
Pel.  Nu. 


CT 
DT 
02 
D1 
D4 
D5 

Eci 
Ec2 
Ed 

Ecr> 

EcC 
Ec7 
Ec8 
Ecy 
EclO 

Edi 

Ed2 
Eci-i 
Ea< 

E^b 

EdG 

Ed7 

Efia 

Edy 

EdHJ 

Edi  1 

Ed'-C 

H- 


MoiMure  MctOf 


Speedy 

X  17  Agai  MOjstyre  Meier 
Cenco  Motstyre  Balance 
DynatfOfiic  IFI  M.  Aaaiyzer 
ts  OoD  Jester 
vacuum  M.  Teller 

KPM  Aqua  Buy 
UfiwJ.  M.  Tester 
Sate  Cr*)p  M  Tesier' 
Agii  M.  Testcf 
Han      Meier  K  lOL  *<  t03 
HydraPfoDe'  Copra  M.M. 
Marcom  M.M.  TF  933B 
Prot^'i^ei&f  Grarn^Master 
Sca»MtfC  -Ojttey 
Sici'iens  M.  Tester 

Cer3  Tester 
Kappa  Jane^j  M.M- 
Burrowb  M.  ReCorJcr 
Lippkc  M,M.  Fk-n-O 
Wile 

Sopcf  MatiC  Foss 

Sleir-ur^  MoTOrb 

Dole  100  M.  Tcsier 

Cae  MiJisrure  M.  Mi>cJe"  'P'.* 

G  C  Wyridham 

C.O.C.  Moiriiure  Mel4.'f- 

Oip-Sruili  Humidity  Ind  caio^ 


Range  of 
produce 
MiifSture 
Content 

t^lJ 

M     Ma  A. 
range 
cncaufiteted 
Ml  Practtce 


0-^0 

M 

M 

M 

S-M 

M 

S-M 

M 

L 

M 

c 
o 

L 

L 

1 1  -10 

L 

V<j*  iat>'c 

M-L 

4-t4 

M 

S 

M-L 

10-25 

L 

3^4S 

8.30 

M 

0  54)0 

L 

6-3f. 

L 

0-20 

L 

tOO^ 

M 

L 

9-40 

L 

L 

b  30 

M 

L 

10  30 

L 

L 

^^ 

L 

M 

L 

28g 


-J  rt! 


c5 

Of 

I  5 
3-1 


COMMODITIES  lO 


10 

CD 


(A 
O 


4> 


C 

ID 

Si* 


c 


% 


AvAtLASLE  NUMGEP  UF  ME7£HS 
lat  ieai>ii 


_L 


'All  tne  *fi^)lmaliOfi  in  triiS  latjIC  lla^  CO'iie  ffur  i  t*-0  rnanifMciu'Cf^.-. 

"As  used  en  TaDre  I  ol  rriis  article. 

—Data  aoi  avaiiauie.  ^  w  ■*  ^  ^ 

NB  Tne  ejtcrostofi     an  ir^sirurncr^r  frarrt  rMrs  taD^tf        *iOt  oeccssafi/  iJ^Jf'v  the  author  b  d-sapproval  ot  Its  use  with  agficaiiurai  pfofloce. 
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Appendix  C 


The  following  material  is  taken  from  Guidelines  for  the  Use  of 
Insectldldes,  published  by  the 

Agricultural  Research  Services 
and  Forest  Service  of  the 
United  States  Department  of  Agriculture 

The  section  of  the  Guidelines  Included  here  contains  Information  on 
applying  Insectldldes  with  sprayers  and  power  dusters,  safety  pre- 
cautions, and  protection  of  wildlife  from  Insecticides.   The  section 
of  this  book  pertaining  to  Insecticide  dosages,  fom jlatlons,  and 
applications  for  use  with  stored  grain  Is  Included  In  entirety.  This 
Information  Is  Included  because  It  Is  often  hard  for  development  workers 
to  get  such  complete  Information. 

The  entire  publication  Includes  Insect  control  for  crops,  livestock, 
households,  forests,  and  forest  products. 
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OTHER  MEANS  OF  INSECT  CONTROL 

In  addition  to  the  w  of  toiectiddet,  there  tre  a  number  of  ofher  wtyt  to 
coQtrol  or  to' help  control  injurioui  insects.  Natural  coAttoh>  tuch  as 
peraiitei,  piedatori,  diieue»»  and  advene  weather  coAditioas*  are  continually 
at  work.  Often  they  rtduce  populations  of  injurtoui  insects  and  keep  them  at 
leveti  that  are  not  economicilty  dimaging.  AJso,  good  sanitation  uid 
bousekceping  are  essential  Tor  the  effective  control  o(  house  flies,  itable  flies, 
cockroaches,  fleai  and  itored^product  insects*  even  when  these  practices  are 
supplemented  by  chemical  controls.  Cuttunl  practices  and  mechanical  devices 
aid  nuterltlly  in  the  control  o(  the  pink  bollworm,  boll  weevil,  tobacco 
hornworm^  white  pine  weevil^  and  certain  bark  beetlei.  Crop  varieties 
resiitant  to  insecti  have  been  developed  and  are  availaole  to  avoid  or  reduce 
damage  by  luch  insecti  as  the  bessian  fly*  wheat  item  sawfly,  spotted  alfalfa 
aphid,  and  the  European  com  borer. 

When  harveited  producti  are  lubjected  to  hest  or  extreme  cold  in  itorage. 
insect  infeitationi  are  often  deitroyed  or  inhibited.  Insect-free  commodities 
can  be  protected  by  insect-resiitant  packagir^  and  sanitation  in  itorage  and  in 
marketing  chaimeli. 

More  satiifactoiy  control  of  insect  peiti  may  frequently  be  oj^tained  hy 
caiefutly  integraiing  the  use  o^  insecticides  or  fumiganti  with  biological 
control  ag^nti  and  other  nonchemical  meaiures.  This  approach  to  insect 
control  is  moit  effective  when  the  total  population  of  the  insect  is  attacked 
on  a  continuous  basis  (compared  with  treatment  of  seasonal  infestations  in 
individual  fluids).  Often  when  such  integrated  control  is  practiced,  insecti^ 
cides  are  needed  only  to  supplement  the  other  control  measures.  However, 
for  this  method,  all  means  of  control  of  a  pest  insect  must  be  considered  to 
coordinate  them  to  the  greatest  advantage  and  with  the  least  harmful  effect- 
on  other  living  organisms  in  the  environment.  Consult  your  State  agricuhural 
experiment  siaiion  for  the  latest  information.  Do  not  use  insecticides  or 
fumigants  unless  they  are  needed, 

APPLICATION  OF  INSECliaOES 

The  icey  to  etfective  use  of  ^in  insecticide  without  injuiy  to  tlie  treated 
plant,  animal,  or  agricuSturat  product  is  to  follow  directions  on  the  label.  Do 
not  use  any  insecticide  preparation  for  any  purpose  for  which  it  is  not 
spccifled.  Most  oQ  sprays  prepared  for  application  to  walls  of  buildings  will 
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injure  living  plants  or  animals.  Insecticide  concentrates  prepared  Tor  applica* 
tion  to  plants  may  injure  or  kiH  treated  aninials  r<;sult  in  illegal  residues  in 
tntmal  tissues  or  byproducts. 

OiUy  general  infoTmahon  can  be  given  here  on  the  effective  application  or 
insecticides  ^ince  much  depends  on  the  habits  of  the  insect  pestt  the  land  of 
damage  that  it  causes,  the  nature  ind  condition  of  the  infested  plants, 
animals,  or  commodities  to  be  treated,  weather  conditions,  and  application 
equipment,  as  well  as  the  type  and  fonnulation  of  the  Insecticide  to  be 
applied.  For  information  to  ntcct  special  needs,  consult  your  State  agricul* 
tural  expf^Hment  station. 

W«adtcr  Cofiditioiw 

Wind,  rain,  and  tun  play  an  important  part  in  the  control  you  get  from 
outdoor  of  Insecticides,  Keep  an  eye  on  the  weather.  Local  weather 
reports  may  be  helpful  in  planning  insecticide  appUcatioru.  Before  you  start 
to  treaty  watch  the  tops  of  trees  or  use  other  means  to  determine  the 
direction  aiul  the  amount  of  wind.  Some  air  movement  is  helpful.  Winds, 
however,  can  cause  an  insecticide  dust  or  spray  to  be  unevenly  distributed  on 
the  plants  and  to  drift  away  from  target  areas. 

If  rain  is  predicted,  postp<metreatmentf  if  possible.  Rain  falling  soon  after 
you  treat  may  reduce  the  effectiveness  of  an  insecticide  deposit.  Cold  weather 
may  have  the  same  effect.  Some  insecticides  must  be  applied  at  temperatures 
above  SO""  F.  to  be  effective. 

Extremes  in  weather  during  or  following  the  spraying  ci  f  niit  trees  may 
lead  to  fruit  or  foliage  injury.  Rtissettng  of  fruit  may  be  incrc«.^d  by  pesticide 
sprays  if  they  are  applied  at  night  or  duHng  cooK  rainy,  or  humid  weather. 
Emulsifiable  materials  are  more  likely  to  cause  IrOury  u'lan  are  wettable 
powders, 

Htg^  wind  and  low  temperature  make  control  of  insects  by  fumigation 
difficult.  High  winds  may  reduce  gas  concentration  even  in  well^scaled 
warehouses.  Insects  are  difficult  :o  |d!l  by  fumigation  at  temperatures  below 
60* 

Condition  of  Host  Plant  or  Animal 

The  type  and  deniity  of  plant  foliage^  u  well  a»  the  extent  of  coverage 
neededf  may  influence  the  choice  of  formulation  that  It  applied.  In  lome 
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instances,  a  coarse  spray  will  control  insects  more  effectively;  in  others,  a  flne 
spray,  mist .  or  fog  will  be  more  effective.  Plants  with  smooth  leaves  are  likely 
to  have  a  quicker  nmofT  nf  5pray  material  than  those  with  roug^  leaves. 
Howevcft  sticken  that  are  included  in  the  formulation,  of  that  may  be  added, 
help  the  material  adhere  xo  the  planrs. 

Sickt  emaciated,  or  stressed  animals  may  react  unfavonbly  to  some 
treatments  that  normally  are  harmless.  Thick  hair  on  livestock  may  keep  the 
insecticide  from  penetrating.  Consider  aU  such  drcumitances  In  selecting  an 
insecticide,  type  of  formulation,  or  type  of  eq^pmeot  that  will  ptovlde  the 
best  and  safest  control  of  the  target  pest. 

Diluting  and  Mixing  Sprays 

Most  spray  material  are  formulated  with  enoug^i  wettlr^  and  sticking 
agents  to  correct  for  water  hardness  and  to  improve  other  physical  properties 
of  the  spray. 

Before  mixing  two  6r  more  pesticides  or  adding  wetting  or  sticking  agents, 
read  the  labels  and  consult  the  minufacturerf  a  spray  compttlbllity  chart,  or  a 
spray  bulletin  regarding  possible  inlury  to  plants 

Calibration  of  Equipment  foif  Aj^ljnng  Insecticidefl' 

At  the  start  of  each  growing  season,  thorou^y  inspect  and  calibrate  aU 
equipment  you  will  use  to  apply  insecticides,  Rep^t  whenever  you  use  a 
different  rate  of  application.  Apply  the  correct  dosage,  not  only  to  control 
the  insect  pest  efTectively  but  also  to  avoid  plant  injury  and  to  be  certain  that 
any  residue  remaining  at  the  time  of  harvest  or  feeding  does  not  exceed  the 
tolerance  established  for  that  particular  chemical  on  the  crop  you  treat. 

Pt}wer  Sp^yert—Mott  calibration,  the  spray  nozzles  should  be  checked 
for  obvious  wear,  foreign  material*  and  choice  of  proper  type  and  size.  Where 
the  sprayer  has  many  nozzles,  the  flow  rate  of  each  Aozzle  should  be  checked 
tising  water  at  the  planned  operating  pressure  by  catcKlngall  of  the  spray  for 
a  measured  time.  Nozzles  that  differ  by  more  thin  5  percent  from  the  average 
of  the  rest  shoukl  be  replaced  before  calibrating  the  sprayer.  If  possible;  the 


'  Information  Aimlihed  by  ihe  A^lcultural  Reteardt  Service  t^SDA. 
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tpnyer  ihould  cillbnl«d  with  a  Uqudd  containing  no  pesticide  but  dmllar 
Ln  wdg^t  and  vlicotily,  nien^  the  calibration  should  be  conflfmed  by 
measuring  tfae  application  of  a  tmaLI  measured  amount  of  actual  pesticide 
mixture  when  beginning  on  the  area  to  be  treated  and  the  equipment  or  the 
mixture  ratio  adjusted  to  correct  for  the  change,  If  any,  in  the  rate  with 
actual  pesticitle  material,  Usuallyi  water  is  most  logical  material  to  use  for 
calibration,  but  occx';ionally  some  peitidde  mixtures  flow  more  like  Tuel  oil 
or  vegetable  oil,  in  which  case  these  mixtures  should  be  used  for  calibration. 
When  a  liquid  containing  no  pesticide  can  be  used  for  cilibrationi  the  user  can 
use  the  SimpUfteJ  Method  described  below,  U  the  pesticide  or  the  sprayer 
construction  somehow  requires  use  of  the  actual  pesticide  for  realistic 
operation,  then  the  FUtt  Caicutarion  Method  must  be  used. 

Simplified  mtihod:  (I)  Place  two  marken  (stakes,  cans,  and  forth)  on 
ilie  ground  40  rods  (660  Teet)  apart,  (2/ Partially  fill  the  sprayer  with  water 
(or  the  other  liquid  being  used)  and  operate  until  all  nozzles  are  discharging 
evenly.  Fix  a  vessel  of  appropriate  size  (a  2)&-gallon  can.  Tor  example)  under 
one  nozzle  ^o  that  it  will  collect  all  the  spray  coming  Trom  it,  (3)  Operate  the 
sprayer  one  round  trip  between  the  marken  at  the  speed,  pressure,  and  other 
settings  as  you  intend  to  use  them,  with  the  sprayer  in  full  operation.  Spray 
only  between  the  marken,  (4)  Measure  the  amount  collected  Trom  the  nozzle 
and  multiply  ir  by  the  total  number  of  nozzles  to  get  the  total  amount 
sprayed,  (S)  Multiply  the  number  of  gallons  sprayed  by  33  and  divide  by  the 
number  of  feet  of  width  sprayed.  The  result  of  this  calculation  vvill  be  the 
number  of  gallons  applied  per  acre. 

Example:  Suppose  the  boom  on  the  sprayer  contained  12  n<N^les  and 
covered  a  swath  of  20  fttU  and  that  you  collected  3)A  pints  of  sprjy  Trom 
one  n<^e  during  the  round  trip.  Twelve  times  3)4  pints  equals  39  pints, 
or  4,87S  gallons.  This  times  33.  divided  by  20.  equals  8,0  gallons  per  acre. 

It  may  not  be  practical  to  collect  the  spray  used  during  a  run  in  the  field 
with  certain  types  of  equipment,  Aircrtft  sprayen>  mist  blowers,  and  foggen 
are  examples  of  such  equipment.  Fos  this  equipment,  the  amount  used  during 
the  calibration  run  must  be  found  from  the  net  amount  taken  Trom  the  tank. 
To  do  thisi  Uie  tank  must  be  filled  to  an  accurate  liquid  level  mark 
(preferably  filled  to  just  to  the  point  of  overflow).  The  sprayer  is  then 
operated  over  the  calibration  distance  and  the  amount  required  to  refill  the 
sprayer  to  the  same  level  is  measurcd^  To  be  accurate,  the  sprayer  must  be  in 
exactly  the  same  position  (preferably  level)  both  times  when  the  levr^l  is 
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metsurtd*  tn  certain  typet  of  spnym^  audi  taalfcitft^  It  may  not  be  ponlbte 
to  make  an  accurate  level  maik  or  to  All  the  tank  to  ovtiflovr,  With  tMi 
equipment,  the  sprayer  must  be  flnt  partially  flDed;  then  operated  u^tU  «0 
lines  and  booms  aie  filled,  and  tben  the  tank  drained.  A  meaiured  amount  of 
liquid  is  then  put  into  the  tank  and  the  tpnyer  is  operated  <per  the 
calibration  distance,  and  the  tank  then  drained  as  before,  measuring  the 
amount  that  drains  out.  Hie  amount  used  is  the  difference  between  the 
amount  that  w^is  put  into  the  tank  and  the  amount  that  was  drained  out, 

Futt  calcutation  method:  To  calculate  the  application  rate  of  the  sprayer, 
you  must  know  the  speed  of  the  sprayer,  the  width  of  swath  tprayed,  and 
total  flow  rate  from  the  sprayer  nozzles. 

1,  The  speed  may  often  be  taken  from  a  speedometer.  If  there  is  no 
speedometer  available,  neasure  the  time  it  takes  to  drive  the  equipment  at 
the  intended  speed  over  a  rneasured  course  at  the  intended  speed  with  the 
tank  half  fiill.  The  speed  can  be  calculated  from  these  measurements. 

Example:  Suppose  It  requires  3  minutes  and  20  seconds  (200  seconds) 
to  go  80  rods  (!4  mile).  Hie  speed  equals  %  divided  by  200,  multiplied 
by  3,600(the  number  of  seconds  in  an  hour),  which  would  be  4,S  mph, 

2,  The  flow  rate  can  be  calculated  by  multiplying  the  number  of  nozzles 
times  the  rating  pven  by  the  manufacturer  for  operation  at  the  pressure 
being  used,  if  the  nozzles  are  new  and  have  not  worn  very  much. 

Example:  Suppose  the  sprayer  has  12  nozzles  rated  it  0,4  gallor^ 
minute  at  the  pressure  you  intend  to  use.  The  total  flow  equals  12 
times  0,4,  which  is  4.8  gallons/minute. 

You  may  not  be  able  to  use  the  manufacturer's  rating  if  the  nozzles  have 
worn  somewhat,  or  if  the  manufacturer  has  not  supplied  a  rating  at  the 
pressure  you  intend  to  use,  or  the  manufacturer's  rating  is  not  conven-^ 
iently  available.  Then .  the  (low  rate  will  have  to  be  obtained  by  measuring 
the  spray  caught  from  a  nozzle  for  a  measured  time. 

Example:  Suppose  there  are  12  nozzles  on  a  sprayer  and  you  catch  1 
quart  and  6  fluid  ounces  (38  fluid  ounces)  from  one  nozzle  in  1  minute. 
Since  there  are  128  fluid  ounces  in  a  gallon,  the  flow  rate  of  the  entire 
sprayer  equals  38  times  12.  diviited  by  128,  which  is  3,S6  gallons  per 
minute. 
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y  J\\t  swaih  wiiiUi  musi  bf  determined  by  a  method  appropriate  to  the 
sprayer  being' used.  Tht  swath  width  of  an  airplane  spfa^^er.  air-blast 
sprayer,  or  fogger  will  have  to  bf  deter.nined  from  the  manufacturer's 
literature  or  perhaps  from  a  research  report  on  the  particular  <!quipment  in 
use.  A  boom  spiaVci  will  have  a  swath  t<\ud\  to  tlie  boom  width  plus  the 
width  coveted  by  end  nozzle,  if  there  are  nozzles  on  the  very  ends  of  the 
boom. 

Example:  Suppose  a  sprayer  has  a  boom  18  feet  4  inches  long*  having  a 
nozzle  at  each  end  that  also  covers  20  inches  apiece.  Recognizing  that 
only  half  the  spray  from  each  end  nozzle  will  go  outside  the  boom,  the 
swath  will  be  18  feet  4  inches  plus  20  tnches^iriiich  equals  20  feet. 

In  contrast,  if  you  are  only  spraying  a  nanow  band  over  each  row  of  a 
crop  gro^n  in  rows*  the  total  iwith  will  be  equal  to  the  width  of  the  band 
timet  the  number  of  rows. 

Example:  Suppose  you  have  spray  equipment  attached  to  a  8-row 
planter,  which  sprays  only  a  1 2*inch  (I  foot)  band  over  each  row.  The 
actual  swath  being  tT^ed  is  equal  to  8  times  one,  i^ch  is  8  feet  width 
..of  swath:  -  . 

4.  The  application  rate  cf  the  sprayer  can  be  calculated  when  the  speed, 
iwath  widlh,  and  flow  tat?  att  known.  The  following  formula  can  be  used 
to  take  into  account  the  number  of  .  fleet  in  a  wSt^  the  number  of  square 
fee£  in  an  acre,  and  the  number  of  minutes  in  an  hour.  ^ 

49S  X  (total  flow  rate  In  pllons/mifl.) 
 :   s  gallons  per  acre 

(iwath  width  in  feet)  x  (speed  in  mph) 

Example:  Suppose  the  flow  rate  is  4.8  gallons  per  minute*  the  swath 
width  is  20  feet,  and  speed  is  4.S  mph.  Then  the  volunte  of  spny 
applied  Is  49S  times  4.8>  divided  by  4.S,  divided  again  by  20,  which  is 
26.4  gallons  per  acre. 

Changing  or  adjusting  {ht  application  rare:  If  the  application  rate  found 
from  the  calibration  is  not  what  is  desired,  it  may  be  changed  by  changing  the 
size  and  number  of  nozzles,  the  speed,  or  the  pressure.  If  large  changes  are 
necessary,  the  liie  and  number  of  nozzles  must  be  changed.  E>fcreaiing  the 
ipeed  wOl  locretse  the  ippUcttka  rate  proportionately,  while  increasing 
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Speed  will  decrea^  it.  However,  tlie  acrcag^e  that  can  be  covered  per  day  wtU 
be  reduced  if  speed  unreduced,  so  users  may  not  wish  to  make  very  large 
changes  in  speed.  You^ould  not  try  to  change  application  rat^very  much  by 
changing  pressure,  because  this  will  also  change  the  pattern  and  the  droplet 
si3^  uf  the  spray.  It  is  useful  to  know,  also,  that  increasing  pressure  10 
percent  increases  the  nozzle  flow  only  S  percent*  21  percent  increases  nozzle 
flow  10  percent,  wd  44  percent  increases  nozzle  flow  20  percent,  so  that 
changing  nozzle  flow'tequiies  proportionately  much  larger  changes  in* 
pressure. 

fii}W€r  Dusterk-B^fott  starting  a  dusting  operation,  check  the^ippUcition 
rate  of  the  dusterunit.  Dust  mixtures  vary  in  density*  and  the  apptication  rate 
can  vary  at  a  given  setting  of  the  feed  regulator^ 

'  1 .  Meauie  off  a  convenient  area  between  one*fourth  acre  and  I  acre. 
Example:  Ej^t4<Hnch  rows  )(niUe  long,  which  e(iualsOJ08  acre. 

2.  FlU  the  dust  hopper  to  an  accurate  level  niark  and  set  the  dust  feed* 
regjolator  according  to  the  manufactunr^s  recommendation  for  the  desired 
appUcatiofi  nite. 

3.  Dust  the  measured  area.  Drive  at  a  c<mstant  speed  because  the  speed 
aHecU  the  application  rate.  Use  a  speedometer  if  possible. 

. 

4.  Refill  the  hopper  to  the  previous  level  from  a  weired  amount  of  dust. 
Subtract  from  this  wei^t  the  amount  left  over  after  refilling  the  hopper, 
which  gives  the  amount  applied  to  the  measured  area.  This  amount  divided 
by  the  area  gives  the  application  rate.  Example:  Suppose  a  bagcontainiiig 
SO  pounds  was  used  to  refUl  the  ho{^r,  after  which  it  contained  34 
pounds,  the  amount  used  was  then  i6{>oiinds.  Dividing  this  by  0.808  acre 
gives  1 9.8  pounds  per  acre. 

^  AppUcaton  For  CranuleL^iAmy  equipment  manufacturers  and  some 
producers  of  granular  insecticides  provide  tables  showing  the  proper  settings 
of  the  feed  mechanism  for  serected  flow  rates  of  specific  materials.  This  will 
provide  an  approximate  guide  for  the  user  in  adjusting  the  equipment. 
Because  of  manufacturing  difTerences  in  both  the  granular  material  and  the 
application  equipment,  the  user  ihould  check  with  a  measured 
c^jitton. 
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DtocoDMct  th*  tubil  Am  tte  qmadra*  mA  Mx  piper  btpi  In  jtam  of 
the  ipffidtr*  to  coOocl  ill  of  tte  pmidet  fed  out.  Run  llie  tpmder  om  a 
mewued  coum  of  1 320  r«et  iiid       the  mtltital  ooUected.  1^ 
Might  by  33  tad  dHde  by  the  fiumV^r  or  foet  of  iridth  the 
(rom  the  (Uspemer  meanmd*  Thb  witl  gtvt  the  pounds  applied  per  am. 

Example;  Suppose  the  discharge  ffom  two  tubes  are  to  be  iprcid  over  one 
404iich  (3J  feet)  row  width,  and  you  collected  4  pounds  of  material  *vhen 
operating  over  a  total  of  1^20  feet  (40  rods  each  way,  round  trip).  Four 
times  33 ,  divided  by  3  J ,  equals  40  pounds  per  acre. 

If  this  calculation  shows  the  application  rate  b  not  what  Is  intended*  adjust 
the  settings  appropriately*  and  repeat  the  calibration  procedure*  Remember 
that  the  feed  mechanism  of  most  granular  appUcaton  does  not  feed  the 
material  at  a  rate  proportional  to  the  speed  of  the  equipment,  even  thoi^  It 
is  often  driven  by  a  wheel  on  the  ground.  Because  of  this,  the  ipeed  of  the 
equipment  must  be  constant,  and  the  application  nte  can  be  Increased  or 
decreaMd  by  decreasing  or  increasing^  respectively,  the  ground  speed  of  the 
equipment. 

Confirming  caHtmtion  with  fint  appUcaUon:  After  calibration,  you  should 
try  a  partial  load  of  actual  pesticide  mix  to  confirm  that  the  calibration 
measurements  and  calcubtlons  were  accurate.  This  wOl  g|ve  you  a  chance  to 
make  a  last  minute  adjustment  In  the  opention  of  your  equipment  before 
treatlngan  entire  Beld. 

Examidei  Suppose  a  field  )6  m&e  long  is  being  treated  with  a  sprayer 
having  a  swath  of  20  feet«  and  the  calibration  Indicated  that  It  was 
applying  8  ^om  per  acre.  Since  10  swaths,  the  length  of  the  fleld  equib 
6*06  Kres,  which  should  require  48.5  gallom»  the  operator  ml^t  put 
about  S3  gsOloiis  in  the  tank  for  the  fust  load.  After  10  swaths  have  been 
comideted,  the  tank  can  then  be  checked  to  see  about  how  much  more  or 
less  than  the  expected  AS  ^ons  of  spray  mixture  remain. 


PRECAUTIONS 


The  following  safeguards  are  to  protect  handlers  of  insecticides  and  treated 
objects,  consumers  of  treated  crops  and  animals,  honey  bees»  flsh,  wildlife* 


domestic  animals,  flsh  pooh,  bird  baths,  creeks*  feeding  dishes  of  animals, 
our  basic  natural  resources-water,  soil,  and  air. 


/ 
/ 
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Pesticides  used  fanpiopeity  en  be  kjvilMS  to  anlmali*  Md  planl^ 
FoUow  the  directions  and  he^  an  precautions  on  the  labeit. 

Store  pesticides  tn  original  containers  under  lock  «id  key-out  of  the  reach 
oTchlldrea  and  animats-md  away  from  food  and  feed* 

Apply  pestlddet  so  that  they  do  not  tndanfer  humans*  Uvestock«  cropt, 
beneficial  insects,  fish,  and  wfidlife.  Do  not  apply  pettiddei  when  there  la 
danger  of  drift*  when  honey  beea  or  other  pdlinating  inaectt  are  visiting 
plants^  or  in  ways  that  may  contaminate  water  or  ktve  illegal  residues* 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective 
dothlng  and  equipment  If  qiecifled  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide^  do  not  eat  or  drink 
until  you  have  waAed.  In  caae  a  pesticide  is  iwaliowed  or  geu  In  the  eyes, 
follow  the  flnt  aid  treatment  given  on  the  labd»  and  get  promi^  medical 
attention.  If  a  pesticide  is  spilled  on  your  skin  or  dothlng*  remove  dothlng 
I  immediately  and  wash  skin  thoroul^. 

When  spraying  near  dweUinp*  be  sure  you  have  left  no  puddlea  of  tpray  on 
hard  toil  surfaces.  Also  dieck  children's  playthings  sudi  u  mud  pie  dishes  or 
other  contalnen  that  may^  retain  the  spray  lolutim  and  endai^r  smidl 
^ihildren  who  may  enter  the  area  later* 

Do  not  dean  spray  equipment  or  dump  exceit  4>ray  materia  near  ponds* 
streams,  or  wells.  Because  it  Is  difficult  to  remove  idl  traces  of  herbicides  from 
equipment,  do  not  use  the  same  equipment  for  insecticides  or  fungicides  that 
you  use  for  herbicides. 

Dispose  of  empty  pesticide  contain^  promptly.  Have  them  buried  at  a 
sanitary  land*fiU  dump,  or  crush  and  bury  them  in  a  level.  Isolated  place* 

NOTE:  Some  Sutes  have  restrictions  on  the  use  of  certain  pesticides* 
Check  your  State  and  local  regMlations.  Also,  because  regjstralions  of 
pesticides  are  under  consUnt  review  by  the  Federal  Environmental  Protection 
Agency*  consult  your  county  agricultural  agent  or  State  Extension  specialist 
to  be  sure  the  intended  use  is  still  registered. 
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fVotection  of  Persons  U<>ng  Inaecticidei 


In  handiing  any  insecticide,  avoid  repeated  or  prolonged  contact  with  skin 
and  prolonged  inhalation  of  dusti,  mists,  and  vapors*  Wear  dean,  dry 
clothing,  and  wash  hands  and  Tace  before  eating  or  smokingp  Launder  clothing 
daily. 

Avoid  spilling  the  insecticide  on  the  skin  and  keep  it  out  of  the  eyet,  tiose, 
and  mouth.  If  you  spill  any  on  your  skin  or  clothing,  remove  contaminated 
clothing  immediately  and  wash  the  skin  thorougihly  with  soap  and  water. 
Launder  clothing  before  wearing  it  again.  If  the  Insecticide  gets  in  the  eyes, 
flush  with  plenty  of  water  for  5  minutes  and  get  medical  attention. 

The  followtng  insecticides  can  be  used  without  special  protective  dothing 
or  devices.  In  all  cases,  follow  the  label  precautions. 


Abate  - 

ovcx 

Bacitbit  rhuringiensts 

paradidtlorobenzene 

calcium  arsenate 

parisgften 

carbaryl 

Per  thane 

chlorobenzilate 

iriperonyl  butoxlde 

cryolite 

pyrethrins 

dicofol 

ronnel 

diphenylamine 

rotenorw 

Kepcne 

ryanla 

lead  arsenate 

sabadiUa 

lime  sulfur 

Strohane 

malathion 

sulfur 

met  aldehyde 

TDE 

methoxychJor 

tetradifcffi 

mirex 

trichtorfon 

naphthalene 

zineb 

oxythloquinox 

The  following  insectiddes  can  be  absorbed  directly  through  the  skin  in 
harmftti  Quantities.  When  working  with  these  insectiddes  In  any  form,  take 
extra  care  not  to  let  them  come  in  contact  with  the  skin.  Wear  protective 
dothing  and  mpintory  devices  aa  directed  on  the  label. 
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benzene  hevacUorido 

ethloa 

binapacryl 

feothlon 

dilordane 

heptacUor 

dilorpyrifos 

Imidan 

coumaphos 

lindane 

crotoxyphos 

naled 

crufomate 

Nemadde 

4iazinon 

phosalone 

dichlorvos 

pfopiigfle 

dimethoate 

propoxor 

dioxathlon 

toxaphene 

endosulfan 

Hie  following  Insectiddes  are  lif^y  tmck  and      1m  fatal  If  fwaOowad, 

inhaled,  or  absorbed  thiou^  the  ddn.  These  nttefUs  d» 

Mdd  be  applied  only 

by  a  person  who  Is  thoroi^gUy  famUar  wHb  tbdr  hi 

kzardt  and  who  wOl 

assume  full  responslbitity  for  proper  uae  and  comply  wtth  all  the  precautiom 

on  the  labels. 

aldicarb 

endrtn 

aldrin 

EFN 

Bux 

famphuf 

azinphosmethyl 

methomyl 

carbofuran 

methyl  panthton 

carbophenothicm 

Methyl  Trithlon 

compound  4072 

mevinphot 

Dasanit 

nMoucarbat^ 

demeton 

moQocrotophos 

didtbropropane-dkhloropfopeoe 

aioothie  sulfate 

mixture 

parathkm 

dicrotophos 

phorate 

dietdrin 

phosphamklon 

disulfoton 

r^-^  Tdene 

DN'Ill 

lepp 

Pyfonate  ^ 

[ 

The  following  insectiddes  tie  used  In  dosed  spaces  is  fiimigwita.  Because 

of  their  volatltity  and  toxldty,  (bey  tie  consldmd  to  be  bazudous  when 

inhaled.  In  closed  spaoet  these  fumlgaiiti  Aould  be  used  only  by  a  Ucmsed 

428 


pett  control  opentor  or  by  i  qiulifled  person  who  Is  thorouifdy  fimlUir  with 
their  huardii  who  will  asfume  full  rtiponslbDity  for  their  proper  ute,  ind 
who  Icnowi  he  must  comply  with  ^  prectutlons  oo  the  Isbels.  The  vdue 
g^ven  tn  parentheses  after  eich  material  is  the  maximum  tverage  atmospheric 
concentration  (thteshold  limit)  of  the  Insecticide,  by  vdumei  to  which 
workers  may  be  exposed  for  an  8-hour  day  without  injury  to  health.  These 
threshold  limit  values  were  adopted  at  tiie  30th  Annua!  Meeting  o(  the 
American  Conference  of  Governmental  Industrial  Hyp'^ists,  May  1968. 


acrylonitrile  (20  p.p.m.) 
aluminum  phosphide 

(as  phosphine  0,3  P-P-m.) 
calcium  cyanide  (S  mg,  duft  per 

cubic  meter)^ 
carbon  disuinde  (20  p.p.m,) 
carbon  tetrachloride  (10  p,pjn.) 
chloroform  (SO  p.p.m.)* 
chloropicrin(0,t  P-P-m,) 


ethyl  fonnate  (100  P-P-m.) 
ethylene  dibromide  (25  p-p-m.)* 
ethylene  dichlonde  (200  p.p^m) 
ethylene  oxide  (SO  p-p-m.) 
hydrogen  cyanide  (10  P-P-m,) 
methyl  bromide  (20  p-p-m.)* 
methyl  formate  (100  p.pjn.) 
propylene  oxide  ( 100  P-P-m,) 
sulfuryl  fluoride  (S  p.p.m,) 


Reduce  the  danger  of  skin  exposure  to  Insecticides  by  wearing  protective 
clothing  and  equipment  aa  specified  on  the  label.  If  specified,  wear  a 
respirator  or  mask  designed  for  protection  against  the  particular  insecticide 
being  used.  Directions  for  use  or  illustrative  material  must  contain  the  names 
of  the  pesticide  being  used.  FuUface  masks  should  always  be  worn  by  persons 
applying  fumtgants  in  buildings  or  warehouses.  They  should  also  be  worn  by 
persons  applying  the  type  of  insecticide  aerosols  used  in  commercial 
greenhouses  and  warehouses.  In  many  cases  masks  or  respirators  are  needed 
by  persons  toadii>g  insecticides  into  aircraft  or  applying  them  by  aircraft. 


The  gas  methyl  chloride  used  as  a  propellent  in  g^nhouse  aerosols  and 
the  liquid  fumigants  carbon  disuinde,  ethyl  formate*  ethylene  oxide,  methyl 
formate,  and  propylene  oxide  are  flammable  and  explosive.  Never  use  them 
near  heat  or  fire  in  any  form.  Never  open  containers  of  these  chemicals  where 
tliere  is  little  air  in  clrculattun  without  wearing  an  adequate  fullface  mask.  Do 
not  transfer  any  liquid  fumigan:  from  one  container  to  another  a  closed 
room;  do  not  breaihe  the  fumes. 


'  Not  from  tm  threshold  l»mit  v»lue>, 
'Ceilmg  limit  not  to  be  exceeded. 


er|c 
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Ptotection  of  Pmoni  Handling  IVeated  Flmti  or  Obgeeti 


If  you  must  trinq>Unt  or  otherwbe  handle  pUnti  within  S  Aqn  after 
treatment  with  azinphoimethyl,  demeton,  diaulfoton,  endrtn,  or  ptrathkm  or 
within  1  day^  ifter  treatment  with  methyl  parathlon  or  mevinphos,  protfCt 
your  skin  by  wearing  clean,  dry  cotton  gloves*  If  ^oves  become  wet,  thor* 
oughly  wash  the  hands  and  put  on  dean  ^ovcs.  If  you  must  work  In  dene 
contact  with  treated  crops*  as  in  thinning  or  htrvtitixig.  you  should  also  wear 
dry,  clean,  tighUy  woven  do'Jiing. 

If  concentrated  pesticide  ii  spilled  on  the  ground,  remove  or  bury  the 
contaminated  soil.  This  is  especially  important  in  areas  where  nnall  children 
play, 

IVeatment  for  Pouontng 

If  a  person  ii  poisoi/ed  by  an  insectidde,  call  a  physician  and  give  flnt  aid 
immediately.  If  breatking  hai  stopped,  give  arilflciil  tesplration.  If  two 
persons  ate  pitsent,  one  should  five  first  aid  wdiile  the  other  obtains  the 
insecticide  conuiner  and  calls  the  physician.  Tell  him  the  name  of  the 
insecticide  and  obtain  instructions. 

In  general  it  is  advisable  to  induct  vomiting  if  the  victim  has  swaUowed  a 
high  toxic  insecticide  and  is  not  in  m  unconscious  state  and  a  physician  will 
not  be  available  witliin  30  minutes,  A  tablespoonful  of  salt  or  baking^soda  in 
a  glass  of  warm  water  will  help  induce  vomiting*  Have  the  vicMm  lie  down  and 
keep  him  quiet  until  you  get  advice  from  a  physician.  Keep  the  victim  wann. 

If  a  concentrate  or  oil  solution  has  been  spilled  on  the  skin  or  dothing, 
remove  contaminated  clothing^and  wash  skin  with  soap  and  water.  If  a  person 
feels  sicjc  while  using  an  insecticide  or  shortly  afterward,  call  a  physician 
immediately.  In  all  cases  make  available  the  insecticide  container  and  any 
attached  labeling.  Information  provided  by  them  is  extremdy  valuable  to  the 
physician.  Inform  him  of  recent  contacts  with  insecticides,  Tlie  one  most 
obvious  to  you  may  not  be  the  one  to  blame. 

If  a  person  is  overcome  by  the  vapor  of  a  fumigant,  prompt,  on-the-spot 
action  is  essential.  Carry  the  victim  outdoors  or  to  a  room  free  uf  gP^  and  lay 
him  down.  Remove  contaminated  clothing  and  keep  him  warm.  Administer 
first  aid  treatment  immediately.  If  breathing  has  stopped,  give  artificial 
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rci^piration.  a  /ihyskiil  immediately,  Pumig^tors  should  have  kits 
prnpcily  cquipf^O  wiih  jntiOi^tcs  rcquiicd  for  fnst  aid  ueaiment  of  avictim 
of  the  specific  fumLgaiii  being  used  and  insUuctionson  treatmenis  that  are  to 
be  adininisiered  only  by  a  physician. 

tn  nuny  cities  j  Pm^on  Contiof  Center  will  have  avaiiab(e  int'oniiation 
crjiceifiing  ^ymplonis  and  iroafniejit  of  cases  of  actual  or  suspected  poisoning 
by  pc5t(cidv's.  Consult  your  [ociil  telephone  dfrectory.  For  a  hst  of  poison 
conUiA  ceriofs.  we  Pulflic  Health  **Diiectory  Poison  Control  Centers/'  1971 
smgje  copy  avajl^ible  from  Bureau  of  ChemicaJ  Hazards.  Consumer  Products 
Sjfeiy  Cotninission,  5401  Westbard  Ave..  Bethesd<^,  Md.  20016,  or  ^Testictde 
Handbook-  F.nu>ma;'  by  D.  E.  Frear  (24th  ed.,  1972),  College  Science 
Publishes,  College  Station.  Pa.  16801. 

Protection  of  Fish  and  Wildlife 

Na  vJicniical  contfol  of  insects  should  he  undertaken  unless  the  expected 
bt-ncfiii  ouiwrikji  po^^it^!c  hj/aT<!s  to  lUhcr  animaJs,  To  minirriize  damage  to 
r!si'  Mu\  wil'.ilif* .  tJo  ri  n  tisc  pcTsi:ii(^n(  ^  lUoruiated  Iiyr^rocarhon  insecticides 
wii'^ii  4lrorj:J(jvc  ni^^'i.  I  k  jJcs  ^i/  Jcsscr  ha/jrd  jrc  avufahle.  Select  msei^ticides 
a/iJ  ^iicihods  of  jppJrcjtiorj  iJuf  jre  Icjsi  hazardous  and  apply  them  at 
ajminiuni  effet'r^ve  Ji>s.-*t;e.s,  . 

A^tiu!  dun  insert slides  as  tiiu^.h  ju^ssible  and  limit  applications  of 
itnotTi^iJct.      ;fio  .ilea   t^i  pfcvtvU  ujJTiage  to  TisJi,  Jitds^  and  other 

aiiU;iai6.  i>o  t  arviui  :^(>t  »i>  c.^i^  uiini(\ate  stro anu.  lakes,  marches.  ;ind  grazing  or 
t)i'*w^iJig  jreas  hv  tir.f r^  :).:  apptKJtiou  or  excessive  drift  ot  iri^ectitiJes. 
Wl)cic  uiift  :s  difHcul!  .ojitTol,  use  sprays  ui  granules  instead  of  dusts,  and 
ground  appltcatjoris  instead  of  air  appfjcattons. 

Aircraft  spraying  in  forest  areas  should  be  kept  under  aerial  and  ground 
survef]l;ince  at  aJt  lintes  ro  insure  precise  application.  Operations  sfiould  be 
mspended  any  lime  the  deposit  pattern  is  not  right.  Monitor  spray  projects 
before,  during,  and  after  spraymg  to  evaluate  the  effects  of  the  insecticide  on 
ftsh,  wildlife  livestock,  beneftcial  insects^  water,  soli,  and  plants.  Pilots  should 
tly  spray  planes  at  least  500  feet  high  when  going  back  and  forth  between  the 
airstrip  and  spray  block.  They  should  carefully  choose  a  route  parallel  to  but 
not  over  streams  and  avoid  flights  over  lakes,  ponds«  farm  buildings,  or 
pastures.  They  should  check  frequently  to  be  sure  that  calibration  is  correct 
and  ill  components  are  in  good  operating  condition. 
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Field  borders,  hedgerows,  ditchbanks,  stream  margins,  and  wood  edges  are 
prime  wildlife  habitat.  Insofar  as  fea^b^,  avoid  treating  them,  "Dressing  the 
field  margins"  can  be  very  hard  on  desirable  animal  life.  Be  careful  to  avoid 
leaving  treated  seed  or  insecticide  granules  on  the  suifaoe;  this  is  especiaHv 
necessary  at  turnrows.  Overlapping  swaths  of  insecticides  are  dangerous  in 
doubting  or  tripling  the  danger  to  wildlife.  This  danger  is  greatest  netr  aerial 
turning  points,  where  s-veraf  swaths  niay  overlap,  if  care  js  not  taken  to 
prevent  it. 

Do  not  clean  spray  equipment  or  dump  excess  spray  materials  in  or  near 
streams  or  other  water  areas  where  drainage  could  contaminate  water. 

In  forest  spraying  by  aircraft,  lay  out  spray  blocks  and  flight  lines  to 
minimize  drift  into  water,  marshes,  grazing,  and  other  sensitive  areas.  Spray  as 
near  tree  top  levels  as  safety  permits  to  minimize  drift.  Leave  a  nonspray  strip 
along  critical  streams*  lakes,  ponds,  and  any  other  areas  that  may  be  adversely 
affected.  Spray  only  when  the  wind  velocity  is  less  than  6  miles  per  hour  and 
the  temperature  is  less  than  69^F,  Early  morning  or  late  evening  hours  are 
usually  best  for  air  operations.  In  aerial  spraying  of  rumforest  areas*  take 
similar  precautions. 

Protection  of  Insect  Parasites  and  Predators 

A  program  of  crop  or  forest  pest  control  should  be  designed  to  take 
Tiiixtmuni  advantage  of  any  biological]  control  factors  that  may  be  present. 
Whenever  possible,  the  insecticide  should  be  selective  against  the  pest  species 
concerned  and  of  minimum  danger  to  beneftcial  insects.  If  parasites  or 
predators  are  abundant,  it  may  be  advantageous  to  defer  or  omit  insecticide 
treatments. 


Protection  of  Honey  Bees  and  Other  In.'tect  Pollinators 

More  than  half  the  crops  listed  in  this  handbook  are  dependent  on  insect 
pollination.  An  insecticide  applied  to  lii^se  crops  is  of  doubtful  value  ifjt 
destroys  the  pollinators  while  destroying  the  harmful  insects.  Most  of  this 
pdlinatton  is  performed  by  honey  bees.  Protect  them.  Much  of  the  damage  to 
bees  by  insecticides  can  be  prevented  if  you  do  not  treat  crops  in  bloom  while 
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bees  art  vldtinK  the  neld  Tfeitmenl  at  nl|ht  b  nfeiL  Other  Kept  that  wiD 
teduoe  bee  Ictses  are: 

*  Use  pesticides  only  viAei)  needed. 

c  Use  the  lowest  efTective  dosage  and  make  a  minimuni  number  or 
applicatjons. 

t  Use  a  material  that  Is  least  hazardous  to  bees  but  will  control  the  insect 
pest,  \f  applications  musC  be  made  while  bees  are  actively  visiting  the 
area. 

*  Use  gninules  or  dOute  sprays  instead  of  dusts.  Tliey  are  usuaUy  less 
hatardous.  Application  with  ground  equipment  Is  less  hazardous  to  bees 
than  application  with  aerial  equipment. 

*  Avoid  diih  of  insecticides  into  bee  yards  and  adjacent  crop  or  wild 
plants  in  bloom.  ^ 

*  Do  not  apply  insecticides  \f  apiaries  are  near  enough  totK  unavoidably 
afrected;  notiry  the  beekeeper  so  he  can  move  the  hives  in  time. 


The  Tollowing  lists  indicate  whidi  insecticides  are  hazardous  to  honey 
bees«  as  determined  by  laboratory  and  field  tests.  These  materials  are 
hazardous  to  bees  when  applied  as  Toliar  treatiMnts  to  afficuttural  and 
oniametital  plants  "(including  home  garden  applications),  mosquito  abatement 
treatments  (except  granular  products)  and  foliage  treatment  to  forests  or 
shade  trees.  The  materials  are  not  hazardous  when  used  as  soil  applicati<ms  or 
dotmant  applications.  For  further  infotmation  consult  the  pesticide  container 
label.  For  information  applicable  to  local  conditions,  consult  your  State 
agricultural  experiment  station. 

Hazardous. -The  following  materials  are  highly  toxic  to  bees  exposed  to 
direct  treatment  or  residues.  Do  not  apply  these  materials  while  plants  are  in 
blo^vm. 

aldicarb  Bux 

aldrin  calcium  arsenate 

azinphusmethyl  carhaiyl 

hcnzetie  hcxachloride  carbofuran 


433 


chloropyriroi 

kid  traentte 

ootoxyphoi 

Undine 

Dasanit 

mdalKion  (ai  ULV  or  dust) 

diazinon 

methyt  paralKion 

dichlorovos 

Methyl  TrilMon 

dicrotophos 

mevinphm 

dieldrtn 

mexacarittte 

dlmethoate 

monOCTotophos 

dyfonate 

naled 

EPN 

paralKion 

famphur 

photphamidon 

fenthion 

propoxur 

heptachlor 

tepp 

imidan 

(Trichlorron  IS  a  dust) 

The  following  materials  we  toxic  to  beet  and  should  not  be  applied  wh«n 
bees  are  actively  visiting  the  area: 


carbophenothion 

dilordane 

coumaphos 

crotoxyphos 

demeton 

disulfoton 

endosulfan 

endrin 

malathion  as  E.C. 


mirex 
naled  is  E.C. 
perthane 
phorate 
phosalme 
prqpoxur 
ronnel 
TDE 


Avoiding  Hamftil  Redduea  in  or  '^n  Food  and  f^vd 

Residijes  in  excess  of  the  established  legal  tolerances  can  be  avoided  by 
applying  only  those  insecticides  specified  for  use  on  the  crop  or  livestock  and 
by  following  indicated  schedules.  Do  not  exceed  recommended  dosages. 
Observe  carefully  the  safety  restrictions,  especially  the  required  intTval 
between  the  last  application  and  harvest  or  feeding,  and  between  the  last 
application  and  staughtet  of  animah. 

Avoid  drift  of  insecticide  sprays  or  dust  to  neatby  crops  or  livestock, 
especially  from  applicaiions  by  aircraft  and  other  power  equipment.  Do  not 
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lilow  poultry,  dairy  arimah.  ur  meat  inimals  to  feed  on  plants  or  drink  water 
conlaminated  by  drrft  ormsecticidcs. 

Certain  root  crops,  such  as  sugarbcets.  peanuts,  carrots,  and  parsnips,  are 
susceptible  to  contnmination  frum  residues  of  certain  organochlorinc  msec*' 
ticides  in  the  soiU  Do  not  apply  aldrin.  chiordane.  dicldrir,  endrin, 
hcpiachlor,  or  toxaphcne  to  soHs  where  the  crop  rotation  includes  one  of 
these  croos  unless  a  finite  tolerance  has  been  established  for  the  insecticide. 

Byproducts  from  a  nurnher  of  crops  treated  with  insecticides  may  be 
ufely  fed  to  hvestock  or  poultry  if  the  crops-are  harvested  or  fed  after  the 
spcciO^d  waiting  period.  However,  when  byproducts  from  some  crops  treated 
witli  certain  insecticides  are  fed  to  livestock,  insecticide  residues  in  excess  of 
established  toleiances  may  appear  m  meat,  milk,  or  eggs.  Before  using  an 
insecticide^  read  carefully  the  safety  restrictions  in  the  last  column  of  the 
tables  beginning  on  page  1.1  of  this  handbook  to  determine  if  such 
byproducts  as  sweet  corn  husks«  citrus  pulp«  bagasse^  alfalfa  threshings,  apple 
pon^acc,  bean  and  pea  vines,  sugarhcet  tops.  ouJf  potatoes,  trimmings  from 
leafy  vegetables,  and  gin  waste  from  cotton  are  safe  for  feeding  to  da]r>^ 
animals^  poultry,  or  animals  being  finished  far  slaughter. 

In  storage  areas  apply  otily  those  insecticides  registered  for  Uie  purpose.  A 
commodity  that  comes  in  contact  with  floors  or  walls  treated  with  an 
insecticide  not  registered  for  use  in  storage  areas  may  become  contaminated 
and  be  liable  to  confiscation.  Repeated  applications  of  some  fumigants  wilt 
cause  residues  to  build  up  in  the  commodities.  Be  sure  to  follow  the 
instructions  un  the  registered  label.  Such  a  label  wiii  include  an  Environ- 
mental Protection  Agency  (EPA)  Registration  Number. 

Safe  Dbposal  of  Empty  InsccHcide  Containers  and  Surplus 
IfuecticideB 

The  careful  disposal  of  empty  insecticide  containers  and  surplus  insecti^ 
cides  is  an  important  part  of  safe  insecticide  use.  When  possible^  growers 
should  carry  their  empty  insecticide  containers  to  a  sanitary  land-ftll  and  have 
them  buried.  Do  not  abandon  them  on  the  land^fUI.  Inform  the  operator  of 
Cfae  nature  of  the  residues  in  the  containers.  Wam  him  of  any  danger  of 
poisonous  vapors  if  burned.  Crush  or  puncture  containers  to  prevent  reuse. 

If  1  suitable  land'HU  it  not  available,  break  or  crush  glass  and  metal 
contiin#r3  (except  pre^rized  ami)  and  buiy  them  in  tn  bolated  place  where 
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/  t 

they  will  not  contaminate  water  supplies.  Pour  excess  insecticidei  into  thole  ^ 
It  least  18  inches  deep,  dug  in  level  ground  in  an  isolated  place  where  they  ro 
will  not  contaminate  water  supplies.  Cover  witli  ilirt.  If  you  have  tush 
collection  service,  wrap  small  empty  containers/ in  several  layers  of  itews^ 
papers  before  pLicing  them  in  trash  cans.  ^ 

Sell  large  drums  ^hat  containeil  insecticides  to  a  firm  dealing  in  used  drums 
or  barrels.  The  firm  should  have  equipment  to/neutratize  Ifae  toxicity  oflfae 
ailheiing  insecticides.  Do  not  attempt  to  use/ the  drums  where  they  couM 
t>ecome  a  source  of  contamination  to  feed  or  ^zXei.OU  pesticide  drums  used 

floats  corrode  and  thus  cause  serious  flsh  kJUs. 

Do  not  dump  containers  or  leftover  cheniicals  in  gullies,  ditches, itreams, 
woods,  or  trash  heeps. 

For  more  specific  information  on  the  safe  use  of  insecticides,  consult  your 
State  agricultural  cxpcrintent  station  or  one  of  Ifae  following  U*S.  Department 
of  Agriculture  publications:  ' 

Program  Aid  622.  "Farmers'  Checklist  for  Pesticide  Safety" 

Program  Aid  589,  "Safe  Use  of  Pesticides  in  the  Home-in  the  Garden'' 

ARS  33-76-2.  ''Respt-^atory  Devices  for  Protection  Against  Certain 
Insecticides" 

Program  Aid  727,  "Use  Chemicals  Safely  in  the  Production  ofBeefCattK 
Swine,  and  Sheep/' 

TOXICITY  OF  INSECTICIDES 

All  insecticides  must  be  considered  potentially  toxic  to  man  and  animals. 
However,  the  degree  of  toxicity  is  one  of  several  factors  In  the  use  of 
insecticides  that  determine  the  hazard  to  man.  The  primary  hazard  ties  m 
failure  to  follow  the  precautions  and  directions  for  use  indicated  on  she 
insecticide  label  and  summarized  in  tfds  handbook*  These  precautions  and 
directions  depend  not  only  on  the  degree  of  toxicity  and  the  nature  of 
toxicity  of  the  insecticide  but  also  on  its  stability.  Somfr  highly  toxic 
insecticides  that  musi  be  handled  with  gr^at  caution  dissipate  lo  rapidly  upon 
exposure  on  plants  or  animals  or  In  Cfae  r^il  that  they  create  no  aerloui  reiidue 
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proMeim.  On  the  contraiy,  lomc  Intectlcidet  of  low  toxk)ty  peniit  in  the 
loi),  on  plants,  and  In  mett  tnd  Tit  or  animali  thtt  Teed  on  these  pltnti  tnd 
may  thus  aette  critical  residue  problems* 

In  general,  aT3enicaI  insecticides  are  very  sUble  and  may  accumulate  in  the 
toil  in  quantities  sufncient  to  Injure  plants*  Small  quantities  are  talcen  up  by 
plants,  which  in  time  arc  eaten  by  animals* 

Some  organochlorine  insecticides  may  also  persist  in  the  soil  for  years. 
Certain  crops  grown^in  such  soils  may  pick  up  enough  insecticide  through 
contamination  or  translocation  to  exceed  tolerances,  even  though  the 
insecticide  was  not  applied  to  them  but' to  previous  crops  in  the  rotation*  For 
example,  enough  aldrin  or  cfalordane  may  persist  in  soil  from  year  to  year  to 
contaminate  such  sensitive  root  crops  as  sugarbeets  or  carrots. 

Organophosphorus  insecticides  generally  are  more  toxic  to  aitimals  than 
oi]f^jnochlorines.  However,  the  organophosplio^us  insecticides  usually  do  not 
leave  highly  persisient  residues  on  treated  planis  or  animals  and  are  less  likely 
to  accumulate  m  aninnal  tissues.  Diazinon  and  parathion  applied  to  the  soil 
become  inclTective  within  2  or  3  months  and  are  not  problems  in  rotation  of 
crops.  The  persistence  or  insecticides  is  reflected  In  the  waiting  periods 
required  betwc<:n  application  and  harvest.  The  toxicity  of  insecticides  is  a 
major  facior  in  determining  the  tolerances  set.  The  tolerance  is  set  at  a  safe 
leve*  as  determined  by  data  obtained  :n  anima)  feeding  studies*  An  adequate 
safeiy  factor  is  used  in  translating  animal  data  to  man.  However,  a  tolerance  is 
not  established  at  a  level  higher  than  required  for  the  purpose  in  accordance 
with  good  agricultural  practice  even  it  the  toxicity  of  the  pesticide  is  so  low 
that  a  higher  tolerance  would  be  safe.  Many  factors  must  be  considered  in 
selecting  an  insecticide  for  a  specific  purpose.  Whenever  possible,  preference 
should  always  be  given  to  insecticides  that  have  low  toxicity,  persist  only  a 
short  time*  and  do  hoi  accumulate  in  animal  tissues* 

The  following  two  tables  provtde  information  on  the  acute  toxiciiy  of 
various  inseciicides.  In  the  first  table,  ^cutc  oral  and  dermal  LD50  (lethal 
dosage)  values  are~  given  for  most  of  the  compounds  Included  in  this 
handbook.  An  LDf  0  value  is  a  st;nistical  cstim;ite  of" ihe  dosage  necessary  to 
kill  50  percent  of  a  population  of  while  rats  or  other  lest  animals  within  a 
specified  period  under  stand:irdi7,ed  conditions  in  *he  Isboraiory.  1  he  toxicity 
of  a  chemical  to  such  anini^ils  nuy  vary,  however,  with  species*  age,  sex,  and 
nutritional  sutc,  and  witl:  the  formulation  of  the  insecticide  and  the  manner 
of  ^Jrninistrattoii.  Also  the  tDso  values  arc  usually  expressed  in  terms  of  a 
sinp^lc  dusaj:**.  which  provule^;  little  or  no  inftirmation  on  possible  cumulative 
cfteLts  of  repvate<!  tltkSiijjcs  of  \Vx  compound. 
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In  the  lecond  table  tie  given  the  acute  LCto  values  (lethal  conoentrttlon) 
of  some  of  the  common  insecticides  for  two  freih  water  (Ishet-ralAbow  trout 
and  blucgills. 

LDfo  o^  LCfo  values  are  useful  in  comparing  different  chemical 
compounds.  However,  they  have  certain  limitations,  and  caution  must  be 
used  in  interpreting  them  in  relation  to  actual  use  hazards.  Since  the  values 
are  obtained  for  other  animals  or  fish,  they  can  be  applied  to  man  only  with 
reservations.  Under  comparable  conditions  and  dosages,  highly  toxic  sub* 
stances  are  more  hazardous  than  less  toxic  substances.  However,  such  factors 
as  dosagC  frequency  of  application,  and  characteristics  with  respect  to' 
accumulation  and  persistence  in  animal  tissues  must  be  considered*  For 
example,  a  highly  toxic  material  applied  at  a  low  dosage  may  be  less 
hazardous  than  a  much  less  toxic  one  applied  at  a  high  dosage. 

Acute  Oral  and  Dermal  LDjo  Vati^ci  of  Insecticides  for 
Test  Aninuls 

(Data  assembled  by  the  Atlanta  Toxicology  Branch, Division  of  Ptstiddes, 
Bureau  of  Science,  Food  and  Drug  Administration,  Consumer  Protection  and 
Environmental  Health  Service,  Public  Health  Service,  U*S.  Department  of 
Health,  Education,  and  Welfare*  Most  of  the  values  are  based  on  standardized 
tests  by  the  Atlanta  Toxicology  Laboratory  of  the  Division  of  Pesticides;  a 
few  arc  based  on  publications  from  other  laboratories.  All  values  are  for  white 
rats  unless  otherwise  indicated*) 


OralLD,o(mg./kgO     ^  Derma)  LDso  (mg7kg.) 


Insecticide 

Mtles 

Females 

Males  ' 

Females 

OrganOcfUorine  insecticides 

aldrin 

39 

.60 

98 

98 

benzene  hexachloride 

'  1.250 

chlordane 

335 

430 

840 

690 

cMorobenztlate 

1.040 

1,220 

>5.000 

dicMoroprcpanc- 

dicMoropropene  . 

'  140 

2.100 

dicofol 

1.100 

1.000  [ 

1.230 

1.000 

<lieldrin 

46 

46  \ 

90 

60 

cndosulfan 

43 

18 

130 

74 

See  footnotes  ti  end  of  \Mt. 
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Acult  Oral  iml  Dcrmil  LDfo  Values  of  liMct^pidei 
forTeit  Anunab-Coatiiiucd  \ 


Oral  LDfo  (mg./kg.)        Dermal  liOso  (^l^t) 


Insecticide  Mates     Females  Males  Females 


Or^nochhfint  imeciicides-Cofitinwi 


endrin 

17.8 

7.5 

18 

15 

ethylene  dichloride 

•  770 

1 

3,890 

hepiachlor 

100 

162 

195 

250 

Kepone 

12S 

125 

IU|U«I1C 

88 

91 

tlV  1  tlA         Kin  t 
1 11?  t  f  lU  A  JF  W 1 UU 1 

S.OOO 

5,000 

mi  rex 

740 

600 

>2,000 

>2,000 

Da  radichi  orobe  nzcfK 

3,850 

3,900 

>4,000 

>4,000 

utl  U  Waive 

'  200 

*  >5  000 

>4flO0 

M.OOO  *' 

^  >4  noo 

'  250-500 

teiradifon 

•  >14,700 

*  *  »,» 

toxaphene 

90 

80 

1,075 

780 

Orjivtophosphona  Insectieidn 

Abate 

8.600 

13<000 

>4,000 

>4j000 

s?inphO|inethyI 

13 

11 

220 

220 

carhophenothion 

30 

10 

54 

.27 

/ 

chloropyrifcut 

155 

82 

202 

4  \ 

counuphos 

41 

15.5 

860 

crotoxyphot 

110 

74 

375 

202 

cnifcmate 

635 

460 

Dntnit 

4.1 

1.8 

19 

4. 

demeton 

6.2 

2.5 

14 

8. 

duzinon 

106 

76 

900 

455 

Sm  iDotiHrtai  n  end  of  ubl«. 
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Acute  Onl  ittd  Denrial  LD,  «  Viloes  of  1  Mecticidct 
for  Tfit  ABumb^-CoKtlmed 


1 

Ota]  LDio 

Demul  LP|( 

Insecticide 

Males 

Femiles 

Mdes 

Fematet 

Orptmpiunphoms  /nMcufcitfef-Coatlaucd 

dichlcrvos 

80 

56 

107 

75 

dkrotophos 

21 

16 

*  43 

42 

dimethoate 

2tS 

245 

610 

610 

dioxathion 

43 

23 

235 

63 

disulfoton 

2.3 

15 

6 

Dyfonale 

*  >16.S 

'''>150 

EPN 

36 

7.7 

230 

25 

ethion 

65 

27 

245 

62 

famphar 

*>3S 

'''>1.460 

fenthion 

2IS 

245 

330 

330 

Imidan 

113 

160 

>2,000 

1,550 

nulathion  . 

1375 

1,000 

>4.444 

>4i444 

methyl  parathion 

14 

24 

67 

67 

Methyl  trlthion 

98 

120 

215 

190  ' 

mevinphos 

\  T 

3.  1 

4,2 

monocrotophoi 

17.5 

20 

126 

112 

naled 

250 

800 

Nemacide 

270 

parathion 

13 

3.6 

21 

6.8 

phofate 

/  2.3 

1.1 

6.2 

phosalone  / 

120 

135-170 

1390 

phosphamidon 

23.5 

23.5 

143 

107 

[onnel 

1,250 

2,630 

>5,000 

tepp 

1.05 

•  * 

2.4 

tetrapopyl 

thiopyrophotphate 

'  M50 

2.100 

trichloribn 

d30 

S60 

>2^ 

>2^ 

See  footnotes  at  end  of  table. 
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Amtc  <Mud  Dfriiiil  U>|»  VteofliiMtkidct 
for  T«it  Mdraalt-ComiBiied 


Onl  LDso  (in(./kg.)  Demul  LD«i  (mg^/kg.) 
Insecticide                  Mites     Femilei  Miles  Femilei 

Carbamate  Inuctkides 
ddiciTb   ;  0.8  0.6S  3  2.5 


Bux 

95 

63 

242 

IS6 

drtnryl 

8S0 

500 

>4^ 

cirborurin 

8.7 

8.0 

>1.000 

>1.000 

mexacaibite 

19 

34 

>2,000 

zineb 

>5^ 

>5.000 

>2400 

>2,500 

Other  ini€cticide$ 


binipiciyl 

63 

58 

810 

720 

ctldum  inenale 

298 

>2,400 

ciyotite 

'  200 

DNIll 

'  330 

'''•>I,000 

ethylene  (fibfomiik 

146 

117 

1.3,1 

lad  inenate 

1,050 

>2,400 

meuldehyde 

«.  1.000 

lupthitene 

2^ 

2.400 

>2.S00 

>2,500 

nicotine  tulfile 

83 

285 

ovex 

•  2^50 

oxyihioquinox 

1.800 

1.100 

>2,000 

>2.000 

pans  green 

100 

,>2.400 

propoxur 

83 

86 

>2,400 

>2.400 

pyrethrins 

470 

263 

'''>1,880 

rolenone 

'  50-75 

'•'>940 

lyinia 

'  1,200 

>4,000 

IJniroyal  0014 

1,480 

1,480 

250 

680 

^Scx  noi  ifidicited. 
^Value  fox  rtbtMli. 


V«luc  Tor  iiulfleA  pigs. 
^V«Juc  for  dot*.  . 
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Acute  24^Um  LCff^Vibef  efliMcticldft  for 
RiinlmTf  Tnrnt  wni  Itliitjih 


(Dita  provided  by  Rih^Pestidde  Reseuch  Liboratoty,  US.  Deptrtimt 
of  the  Interior*  Columbii,  Mo.  Rainbow  trout  «ere  tested  «t  SS^P*  md 
btttegpli  It  65^  or  7S^,  Cettam  pefsbteot  insecticides  exhibit  cumutittve 
toxicity  for  flsh  and  shellfish  at  levels  lower  than  ihown  In  this  study.) 


Insecticide 

4A#f  Q  ivi  mnvow 

itAiit  £ft  n  h  ^ 
iivvi  ^p.p.v.^ 

LCo  forhluMilti 
fn  n 

Abate 

uono 

zz 

azin  phosmethyl 

14 

22 

benzene  hexachlotide 

To 

S60 

binapacryt 

42 

41 

carbaryt 

3pOO 

3^400 

carbophen  othkm 

24 

chlordane 

22 

S4 

chlorobenzOate 

750 

~ 

chloipyrifo5  ^ 

32.6 

3.4 

crotoxypho^ 

140 

760 

cryolite 

ItOfJW 

400 /XX) 

cube  extract  formulation 

24 

i4j>d  percent  roienone^ 

demeton 

IVj 

oiiziiivn 

dichlorvoi 

500 

1,000 

dichrolophos 

15,000 

38.000 

dicofd 

110 

960 

dieldrin 

6 

14 

dimethoate 

20,000 

28j000 

dioxathion 

130 

16 

disulfoton 

2,450 

65 

endosulfan 

1.8 

2.2 

endrin 

.7 

.8 

EPN 

210 

370 

elhfon 

UOO 

700 

fentliion 

840 

1.800 
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Acute  244loiir  tC|o  Values  of  Inscctkklef  for 
Rainbow  Ttout  ud  BtuegjUt-Coiitinued 


LCso  for  rainbow        LCso  fot  bluegiUi 


Insecticide 

trout  (p>p>b>) 

(P  P  b  )  ^ 

heptachlor 

15 

35 

Kepofie 

66 

260 

lime  sulfur 

10 

48 

lindane 

30 

61 

malathion 

100 

120 

methoxychlor 

20 

31 

methyl  parathlon 

7.000 

S,500 

Methyl  Trithlon 

t,S00 

1.200 

mevjnphos 

34 

41 

mexacarbate 

7.000 

mi  rex 

126.000 

>I  00,000 

mdnochrotophos 

12.000 

23jOOO 

oxytJuoquinox 

l.SSO 

110 

naled 

250 

2.200 

Nemacide 

1.600 

4.300 

ovex 

860 

870 

parathion 

2>000 

56 

Pferthane 

9 

21 

photate 

25 

10 

phosalone 

1 1,000 

5.100 

phosphamidon 

4,500 

26,000 

ptperonyl  butoxide 

8.800 

pyrethrins  extract' 

56 

78 

lyania 

24,000 

Strobane 

12 

15 

TDE 

30 

56 

tetradifon 

3,700 

1,100 

toxaphene 

7,6 

7.2 

tiichlorfon 

27,500 

5,60k) 

Sntergl«4  fofmuUtkm  containing  4.S5  peromt  of  pyKthrini. 
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CHEMICALS  REFERRED  TO  IN  THIS  HANDBOOK 


fCommon  names  foi  pesticides  appfoved  Iry  the  Ameilcan  National 
Stajidards  Institute  are  indicated  by  an  asterisk.  Chemical  names  confomt  Co 
tho^  used  in  **Ac€epUble  Common  Names  and  Chemical  Names  for  the 
Iniedienis  Sutement  on  pesticide  Labels,**  2d  ed.,  J972.  Pesticides 
RefiMlttiont  Division.  Environmental  Protection  Acency.) 

I    Nnme  Uied  UentUy 

Abate®  O^O.O'^'tetramethylO.O-thlodl-p'pheiiyliM 

!  i^osphorolhioate 
krylofiitrile  acryloiiitrile 

/aldicart)  (Temik®)  ....  2^ethyl  2-(methythlo)propiona]dehyde 
I  0-(meth^cart)amoyl)oxlme 

Taldria  hexKhloiohexahydra«wto.  €X<h. 

I  dimethanonaphthalene  95%  and  lelated 

j  compounds  5% 

aluminum  phosphide  . .  laluminuquphosphlde 

azinphosmethyl  ;0.0t'dlmethyl5*|(4*oxo-l,23'ben2o 

triazin'3(4H>yi)methyll  phosphorodilhioate 
benzene  hexachloride  .  1.2^,4,5,6-hexachlorocydohexane.  consisting 
of  several  isomen  and  containing  a  spedfled 
percentage  of ^ommtf  isomer 

^binapacryl  2  sec-butyMj6*dinitroirfienyl  3-meth^- 

2'>butenoate 

borox  sodium  tetraborate  decahydrate 

boric  acid  boric  add 

Bux®  a  mixture  of  3  parts  m-(NmethyIbutyI)phenyI 

methylcarbamate  and  I  partffi-(l-ethylpropyl)- 
phenyl  methylcarbamate 

caldum  arsenate  calcium  arsenate 

calcium  cyanide  calcium  cyanide 

^carbaryl   1-naphthyl  methylcarbamate 

^carbofuian  (Furadan®) .  2,3*dihydro*2,2-dlinethyl-7'benzofuranyl 

methylcarbarnate 

carbon  disulfide  cartvon  disulfide 

carbon  tetrachloride  .  .  carbon  tetrachloride 

^carbophenolhion  ....  5*([0>^tdoroiAenyl)lhio  J  methyl)  0^t>dte^yt 

phosphorodithloate 
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Name  Used  Identity 

chlord«nc.  technical  .  .  octachloro^J^methanotctrahydroindan  60%  and 

related  compounds  40% 

chlorobenzilate   ethyl  4,4*-dichlorobenzilate 

chlorofonn  chlorofonn 

chloropicrin  trichtoronitrome  thane 

*chlotphyrifos{Dunban®)0,0-dlethyl  0-(3,S,6lrichloro-2pyridy!) 

phosphorothroate 
Compound  4072  ....  2<hloro-H2.4<<lichlorophenyl)vinyl  diethyl 

phosphate 

coumaphos  0>0-d]ethylO-(3-chloro-4-methyl-2-oxo-2//-l- 

benzopynn-7-yl)  phosphorothioate. 

ctotoxyphos  dimethyl  phosphate  ofa/pftfl-methylbenzyl 

3 -hy  dro  xy    -crot  on  a  te 
*crufomate  (Ruelene®)  .  4-rm-butyl-2-chlorophenyl  methyl 

methyl  phosphor amidate 

cryolite  sudium  Ucxanuoroaluminate 

Dr^anit€?  aO-diethyl  0-tp-(methylsii)fmyl)phenyll 

phosphorothioate 

demeton  a^^-dicthyl  0-[2-(etbyltltio)  ethyl) 

phosphorotliioatc  and  0,0-dietliyl  S'\2' 
(eihylthio)  ethyl)  phosphorothioate 

diaztnon  O.O-diethyl  0-(2-i$oprohyl-6-mcthyl-4'pyrimi- 

dinyl)  phosphorodUhioate. 
dichloropropane-  dichloropropane  -dichloropropene  mixture 

dichloropropcne. 

dichlorovos.  technical  .  93  percent  2,2-djchlorovinyl  dimethyl  phosphate 

and  7  percent  related  compounds 

dicofol   M-bis(/>-cMofophenyI)-2,2,2-irtchIoroethanol 

dicrotophos   dimethyl  phosphate  ester  with  3-hydroxy  W.^- 

d]jncthyl^::»H;rotonatnidc 
dieldrin   hexachloroepoxyoctahydro-cn{fo.£jco- 

dimeihanonaphihalcne  85%  and  related 

compounds  15% 

*  dime  til  oalc  0.0  dime  tl:yl  5^.V-mc1Iiylcarhamoy!  methyl 

phosphor  odithio.ile 
*d)oxathjun   2 J.-^Jioxancdithiol  ^\5-bb(0.0-diethyl 

phosphorodilhioate) 
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Name  Used  Identity 

diphenylamine  diphenylamine 

disutroton   aO*diethyt^42<ethylthlo)ethyl]  phmphoro- 

dithlDite 

DN-ltl®  4J6.-dinitro^<ycIotiexylphenoU 

dicyclohexylamine  salt 
dormant^   a  formula  tron  of  petroleum  oil  phytotoKic  to 

foliage  prepared  for  sprays  on  donnant  plants, 

usually  an  emiitsifrable  concentrate  ofhiBh  oil 

content 

Dyfonate®  O-ethyl  5^phenyl  ethylphosphonodtthioate 

•endosulfan  6J,8,9J0,10hcxachloro*US,5a,6,9,^a. 

hexa)iydro*6,9-me  thano- 2,4,3 -benzodioxathrepin 
3*oxjde 

endrin   hexachloroepoxyoctahydro-e/iffo^nffc)- 

dimethanonaphthalene 
EPN  O  ethyl  C^^-ip-nitrophenyt) 

phenylphosphonothioate 
*ethion   0,0.0  -tetraethyl 

5,5'-mcthylenebisphosphorodithioate 


ethylene  dibromlde  1 ,2,-dibromoethanc 

ethyhene  dichloride  ...  1,2,-dichloroethane 
ethylene  oxide  ethylene  oxide 


ethyl  formate  ethyl  formate  ' 

famphur  0,0, -dimethyl  O-lp^dimethyl- 

sulfamoyl)phenyl]  phosphorothioate 

fenthion  0,0-dimethylO-[4-(methylthio)- 

m-tolyl)  phosphorothioate 

Flit  MLO®   Mosquito  larvicide  oii  (999&  mineral  oil) 

heptachlor  heptachlorotetrahydro-4.7- methanoindene  and 

related  compounds 
hydrogen  cyanide  hydrocyanic  acid 

fmtdan®  N-(mcrcaptomethyl)  phthalimide 

5-0,0-dimeihyl  phosphorodithtoate 

Keponc®   decachlorooctahydro-l  ^.^-rn^lhcno- 

2//-cyclobutatcd|t>entalen-2*one 
lead  arsenate   lead  arsenate 
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Name  Died 


Idenlily 


liniesuirur   30%  calciuni  polysulHdc  and  various  small 

amount  or  czlcium  thiosuirate  plus  water  and 
tree  sulTur 

lindane   l,2,3p4*5.6*hexachlorocyclohexaiie,;i7mmitsomeT 

of  not  less  than  99%  purity 
iTuiathaon  0*<>-dimethyl  dithiophosphale  nf  dimethyl 

mercaptosuccinate 
fmtaldehyde   metaldehyde 

•methomyl   5-methyt  yV-((methylcarbamoyl)oxy]- 

thioacetimtdate 
methoxychlor,  technical  I  *M  -trichloro*2i2-bis(p-methoxy^ 

phenyl)ethane  88%  and  related  compounds 
12% 

meihyl  bromide   bromomethane 

methyl  chloride  chloromethane 

methyl  formaie   methyl  romate 

mtthyl  parathion  O.O-dimethyl  0-(/MUtrophcnyl)  phosphorothioate 

Methyl  Trithion®  5■(({/^chlorophcnyl)thioimcthyl)  0,0-dimethyl 

phosphorodithioate 
mevinphosi  technical      2<<;arhoncihuxy-)-methylvinyl  dimethyl  phosphate 

a!pha  isomer  ^nd  related  compounds 
*mexacarbale  (Zectran®)  4^dimethylamino)-3,5^xylyl  melhylcarbamate 

nriirex   dodecachlorooctahydro^l  J,4-melheno>l//* 

cyclobuta|r^)p«ntalene 

monocrotophos  dimethyl  phosphate  of  3^hydroxy^ 

yv^yV-dimethyl-ciJ-crotonamide 

*naled    Ii2.-dibromo-2*7^dichloro«thyl  dimethyl  phosphate 

naphthalene  naphthalene 

Nemacide  0^2,4-dichlorophenyl)0.0-diethyl  phosphorothl* 

oate 

*ovex  /»<hlorophenyl />-chtorobm£enesuironate 

oxythtoqtiin<»t  6*methyl*2iJ*quinoxalinedithlol  cyclic  S^S- 

dithiocarbonate 
paradichlorobenzene . . .  p-dichlorot>enzene 

parathion  0*0-diethyl  0<p-nitrophenyl)  phosphorothioate 

paris  peen  copper  acetoarsenite 

IVrthane®  diethyldiphenyldichloroethane  and  related 

compounds 
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Name  Used  ktentUy 

^phoiate   0p0-diethy15>[(cthylthio)methyl1  phosphorodi- 
thioate 

*pho$alone  O.O^ethy1^*[(6<hloro*2-oxobenzox«zolln*3^ 

yOmethylj  phosphorodithioite 

^phnsphamidon  2<ch1oro*2^diet|hylcarbamoyM*methy|vtnyl 

dimethyl  phosphite 
pjperonylbutoxide.      (butylcarbttyl)  6-propylpiperoivI)  ether  80^and 
technical.  related  compounds  20% 

^proparpte    2-(p^ieft^butylphenoxy)cyclohexyl 

2-propynyl  sulfite 

propoxur    o-isopropoxyphenyl  methylcarbaimte 

propylene  oxide  propylene  oxide 

pyrethrina   the  active  insectkidal  constituents  of  pyiethnim 

*ronnel   0,0-djmethytO-(2.4.S*trichlorophenyl) 

phosphorothioate 

rotenone  '*   the  primary  active  compound  of  derria  and  cube 

roots 

ryanta  (ryanodine)  powdered  stemwood  of /{jvir^ffipfCfoJifr 

sabadilla  ground  seeds  ofsabadilla  containing  veiatrine.  i 

complex  mixture  or  alkaltrids 

Strobane®   terpene  polychlorinates  (65  percent  chlorine) 

suirur    suirur 

suiruryl  Huoiide  suiruryl  fluoride 

summer  oU  a  formulation  of  petroleum  oil  prepared  Tor  use 

in  sprays  to  plant  foliage,  usually  an  emulsiHable 
concentrate  of  high  oU  content 

tartar  emetic   antimony  potassium  tartrate 

TDE  dichlorodiphenyldichloreoethane 

Telone®  mixed  djchloropropenes 

tepp  tetraethyl  pyrophosphate 

^tetradifon  4'chlorophenyl  2,4^5 -trichlorophenyt  sulfone 

tetrapropyl  O.O.O.^tetra  propyl  dithlopyrophosphate 

thiopyrophosphate 
(Aspon®). 

toxaphene  chlorinated  camphene  containing  67-69  percent 

chlorine 

trichlorron  dimethyl  (2,2.2,*trichloro*14iydidxyethyl)- 

phosphonate 

zineb   zincethylenebia(dithiocarbamate1 
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EXPLANATION  OF  TABLES  THAT  FOLLOW 


The  ubles  ihit  Tottow  list  Ihe  iniecticides  to  uie  in  Ihe  control  of  the 
major  insect  pests  ind  give  Ihe  rormuUtions  to  purchase,  dosages  touse^and 
brief  instructions  on  where  and  when  to  apply  these  insecticides.  The  tables 
al&o  include  the  lep)  tolerances  for  insecticide  residues  permitted  on  Tood  or 
feed  products  and  Ihe  minimum  time  that  must  be  allowed  after  applying  ihe 
suggested  dosages  of  insecticides  in  order  to  meet  these  tolerances.  Other 
safely  restrictions  on  tiie  specific  use  of  certain  insecticides  are  given  in  the 
last  column  of  the  same  page  as  the  insecticide.  Always  read  these  safety 
rcsirictipns  to  see  if  any  of  them  apply  to  Ihe  insecticide  that  you  plan  to  use 
aiid  then  observe  those  (hat  are  appropriate.  For  general  precautions  in  the 
use  of  insecticides,  see  page 

Wiih  a  few  exceptions,  Ihe  crops,  insects,  and  insecticides  are  listed 
alphabetically.  See  page    for  Ihe  identiftcation^of  Ihe  insecticides. 

The  insecticides  listed  for  each  insect  arc  alternatives  and  are  to  be  used 
se^^ately  unless  mixtures  of  two  or  nore  materials  are  indicated  by  plus  (i-) 
Signs. 

"Formulation"  refers  to  Ihe  form  of  Ihe  insecticide,  usually  as  purchased. 
Dusts,  baits,  fumigants,  aerosols,  and  granules  are  generally  applied  at  the 
sirength  purchased.  EmulsiHable  concentrates,  wettabte  powders,  suspension 
concentrates,  and  powders  are  to  be  diluted  with  water  unless  otherwise 
indicated.  The  amount  of  water  to  use  will  depend  on  the  output  of  the 
equipment. 

A  single  entry  in  a  box  applies  to  all  the  insecticides  and  formulations 
opposite  that  box,  except  as  speciHed. 

A  dash  in  iny  column  indicates  that  there  is  no  appropriate  entry. 

Tlic  word  "extended''  in  the  tolerance  column  means  that  Ihe  registration 
for  this  particular  use  of  ihe  insecticide  ha%  been  extended  to  allow  time  for 
the  establishment  of  a  Tintte  tolerance.  It  will  be  witlidrawn  when  Ihe 
extension  expires.  Therefore.  Ihe  insecticide  must  not  be  used  on  the 
indicated  aop  or  animal  without  determining  whether  the  registration  is  still 
in  effect.  Check  with  your  county  agriculinrat  agent  or  with  vour  State 
agriciilturut  experiment  station. 

The  term  "nonfood  use"*  in  Ihe  tulerunc:!  column  means  thut^a  tdcranee  is 
not  needcil.  The  reshv:iil<:<;  Regul;jtion  Division  has  iletermined  that  b;jse-J  on 
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oonodention  of  the  ptttem  of  use  and  the  nitufe  of  the  chemical,  there  ii  no 
reasonable  expectation  of  any  retfdue  reaching  and  being  retained  in  or  on 
food  or  feed. 

The  word  "safe"  in  Ihe  tolerance  column  means  that  the  insecticide  Is 
"generally  lecognized  as  ufe  GRAS"  under  Ihe  provisions  of  21  CFR  120.2 
of  the  Federal  Food.  I>rug,  and  Cosmetic  Act  as  amended.  A  tolerance  it  not 
needed  for  such  insecticides.  Also,  when  "exempt"'  appean  in  this  column,  it 
means  that  under  the  provisions  of  this  act,  Ihe  insecticide  used  in  this 
speciHc  way  has  been  exempted  from  Ihe  requirement  for  establishment  of  a 


tolerance.  ^ 

The  following  abbreviations  are  used: 

Bait    \  B 

Dust    D 

Emulsifiable  concentrate   EC 

Fumigant   F 

Granules    G 

Solution    loln. 

Spray   S 

Ultra  low  volume  concentrate   ULV 

Wettable  powder   WP 


The  insecticide  dosages  given  in  ihu  handbook  are  Ihe  maximums 
Suggested  for  mature  plants  and  animals.  Often  they  may  be  reduced  for 
immature  plants  qijaotn^  without  loss  in  effectiveness.  Effective  dosag^i 
may  also  be  reduced  by  careful  attention  to  application  under  favorable 
weather  conditions.  However,  be  careful  not  to  exceed  the  suggested  dosages 
except  as  indicated  on  the  registered  insecticide  label.  Dosages  larger  than 
those  suggested  in  these  tables  may  leave  illegal  residues  on  the  harvested 
product  unless  more  time  is  allowed  between  the  last  application  and  harvest 
than  is  suggested  in  the  table. 

The  principles  followed  in  Ihe  commercial  use  of  insecticides  on  crops, 
livestock,  or  stored  products  should  also  be  followed  in  their  use  in  the  home 
and  Ihe  home  garden.  However,  untrriined  persons  should  not  use  any 
insecticide  labeled  POISON  and  illustrated  with  the  drawing  of  the  skull  and 
crossbones. 

T^ade  names  are  used  in  this  handbook  solely  for  the  purpose  of  piuviding 
specific  information.  Meniion  of  a  trade  name  does  not  constitute  a  guarantee 
01  warranty  of  the  produci  by  the  U.S.  Department  of  Agriculture. 
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STORED  PRODUCT  INSECTS 


CO«MODtTY^ 
SYORACE.  AND 
INSECT 

INSECTICIDE 
Oft 

YREATMCHT 

TOLEf^jitNCE 

FOnhlULATlON 

oosace 

pt*  tfiOO  *^  ft. 

NOW.  WHERE.  AND  WHEN  TO  AP^Ly 

SAFETY  neSTRiCTlONi 

FRUITS,  ORIEO- 
RAitim 

1procc»«d>  \ot>n^ 

In  bMlk  30  lb  cm 

m«rch»nl  grain 
bMilvi  dried^  fruit 
^ctlci.  irwliirt 
mMl  nutAh 

Elhvt  torrfiati  or 
rnvthyl  formate  ^ 

1 

260 

F 

S  mlJcM 
* 

OuriAg  Mwimar  in  cm*  ion  iMfim 
aMiiog. 

FumiOMits  tfiouM  bt  appM 
only  by  o  tralnad  opuMor. 

7  ml/caM 

Oiiriog  vvihtaf  in  cm*  |u*t  Mora 

n>e«l  moih 

Cold  noraga 

3r  '  «r  F,  and 
509^60%  faiaiivo 
humklilV' 

Storaga  Ilia  Uabout  1  ymt  If  molttora 
fiootani  it  not  attova  1  $% '  20%. 

1  ■ 

1                   ,  . 

FURNlSHtNGS-ISf*  pifH 
FA8nfCS- 
Furh(ittir>g»| 

1  14.10 

fURS 

thtf  tiom« 
Clothft  moths  and 
carpel  bMlIn 

Coldttorag* 

34'  -  4<r  F.  ar»d 
44%-SS%  rataiivo 

humidtiv. 

Pror«saion«l  ttoragaitMtvlaalrfa. 

o 

I 

to 
o 


GRAIN-Barkv 

iSwCRAIN-Cofrt, 

ihallari^ 


Control  maituras  for  Imecti  m  norad  barley  ant  iha  «ama       GRAIN-Com,  ihallad,  paga  14.24. 


CRAIN-Corh^ear 

J 

Hy^o^  cyanjda 

W 

F 

311^. 

Sp3C«  f  umjgatfon. 

Fomi^anit  should  b«  apPlM 
only  by  a  trained  operator. 

1>o  not  fumigate  with 
hytlrogtn  cy^nkh  CHCNl  it 
temperatures  balow  60*  F. 
Aerato  f  or  24  houn  af»r  ^ 
trwtmant. 

Atrata  after  f  umigatton 
with  methy  t  bromida- 

In  bagt  in  w»r«- 

bOUM 

Grah  wa*vjlip  law 
grain  borar,  gr«h 
ba«tla«^  Ahgoumoit 
gratnmoih,  Indian 
nMal  moth 

Mathyl  bromtd* 

60 

lifiorparMC 
brofnklo) 

F 

21b. 

Spaca  fumfgaiion*  24  hour^  ai  60*  F. 
or  abov«. 

4  lb. 

Spm  fumigation^.  24  houn  ai  50*  - 
W  F. 

mz 


U»  PwUdta  Safglr-Follow  ihi 
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STOREOMODUCT  INSECTS 


COHMOCMTY, 
5T0RACC.  AMO 

resect 

iNSCCTiCiOC 
TfVCATMOlT 

TOLCitAMCE 

N0«^  tmCftt*  AMO  tmCH  TO  APPLY 

SAPCTY  IttgTlliCTlONS 

In  fMdoniMl  tM 

crib  bim 
Grain  wvtvllt,  ^mm 
^ftfn  bom^  grain 
bettta^  Angoumolt 
^•in  moth,  Indltn 

Mfthyl  bromhJ* 

w 

llftoripAlc 
bfomldi) 

F 

21b. 

Coivgr  crib  with  gggttght  tvptullfw 
24^hi>un#t6(r  F.  oraboMi 

Jn  iMMxIvn  crib  bine 
Grain  «Mv||^  Immt 
borw,  ^avn 

grain  moth,  Indian 
meal  moth 

Carbon  latrachlorJdt 

4^orbo«tdl«ilflda 

IWh30mbcturti 

Exampt 

F 

DMrfbuta  fomigant  twanly  ovgr  wrfgo^ 
Cdv«r  oib  Hrtth  gagtlght  *arpat»linL 

Cthytanadkhlorida 
^  carboA  tatrachlorklt 

t  /B,  A  mucTurai 

Exampi 

F 

C  oal7 1,000  bu. 

Dtotr^t*  fumlgam  aivgnly  ovgr  mrfgo^ 
Cover  crib  with  ga«tight  tarpaulirt. 

GRAIN-Corn, 
tf^llador  aar 

F  wnlganti  #iouM  bo  appltad 
only  by  •  Iratnad  oparitor. 

In  bolk 
Indian  maal 
moth 

Chloropkrln 

(Mampt 

F 

1.6  lb./1^oj. 
ft.  of  tbova 
^ain. 

Appty  M  firw  tpfay  or  vapor  Into  iptca 
ovar  top  of  ^tln  to  oonuol  mothi  in 
•Iff act  Igyar.  70*  F.  Of  abova. 

Do  not  rglaaaa  garoaol 
naar  an  opan  f Iwnai 

2  Wl,000  tu.  ft 
of  tpaca  abovt  grata 

Apply  M  f ma  ipray  or  vapor  into  ipao* 
ovar  too  of  grain  to  control  moih»  In 
iurfacalVvar.  Mom  W  F. 

Mfrwal  oil  to  maat 
ipacif  icMion  attablnhad 
by  Food  and  Drug 
Admin  iitfaiion. 

MInaraloU 

300 

S 

2  qt7t00  aq.  ft.  of 
turfaca  or  6  qt*/3.200 
bu./bin. 

Protactiva  traatmaot  with  oil  tpray  on 
turfaca.  In  Soutrv-Firtt  application 
af t«r  grain  tt  f umigaied:  second  in 
July  or  Aogvn.  In  North-Fim  gpoiic*- 
tM>n  aft«r  harvast  following  fumigation; 
taoor^  in  April  or  May  of  rttxt  yaar« 

'■"•0  Octopar  S7Z 

453 

U>a  Pi 

pfticUei  Safily- Follow  tlw  Labal 

/ 

i 


STORED  PRODUCT  I^ECTS 


cdMMOD*Tv, 

iMSCCTtCiDC 
OR 

TUCATMCNT 

OOSACC 

pr*  f tmt  fc 
m/'m  a44jrMJr 

NO«t,  «HCflC«  A»«D  «NP<  TO  APPLY 

SAFETY  RRtTRlCTlOMS 

GRAIM-Corn, 
MM  or  Mr  kort<J^ 

■r^fww  HIP  ^ 

p^paronyl  butmlda 

Plp«wiv4  bulONlda 
2:04  ta^achloro- 

— jfc--  -I--.-  -           A  A 

•otyiant  DOio  4 
ilmdortMdkaravM 

tOOO  eu*  f L  H 
•Inpaea. 

In  wiTfhouHi 
9r«4n  bor«r,  flrcirt 

miAl  rnoth 

Mataihion 
(pr«nlum  gradi) 

6 

EC 

(lLft3  lbi/1  OOOlM* 

Spray  Into  gtaki  ttroan^  aa  It  400 IMO 
•tofsga.  MtN  wlOi  wwfir-^  -  9  91!^ 
1,000  bu. 

Soft  tmoct^iuaoaptlbla 
viriatiai  ara  ditfkuft 
to  proifcL  Tha  dutt  will 
Ttaiitf  downgrading  of 
markot  grain, 

F  wmgmti  thoold  ba 
appligd  ontyby  «if«inad 
opmtor. 

Do  not  rocircutata  pho«ph)na 

iI32  It^  HI  1 10  2 
Oal.  waiar/1,000 

Surfaca  Iprty.  Will  not  control 
«n*«m  «itabli#Md  btnoath  tha  mMata. 

Pyrvitti-ina  4 
plptronyl  laitcMlda 

3*  20* 

EC  or  oil  iOln. 

ao64  0.efty 

1,000  bu. 

Spray  Into  grain  ttraam  aa  It  gam  fnio 
ttoraDi.  Mbi  with  vvatar-*  3  -  6  piy 
1,000  bu, 

D 

aos4  0jmy 

t,000bu* 

Protactant  dual*  Baforacom  li 
Infaftodi,  whan  mofnurtcontantit  12% 
or  Ian. 

from  alummum  phpipnida, 

Undar  no  conditnna  thaH 
any  procawad  food  or 
•ninul  food  coma  fft 

GRAIN-Com, 
and  0«ul 

contact  with  any 
aluniinum  pboipWdi  nor 
with  glomlfiMni  phoiphMa 
raaMuoih 

In  Qoncrvt*  or 
mt\9t  upright  bim, 
3i.2Ciabu.  metal 
b<n^  or  ttm- 

Gtain  ¥mviiK  )*m«f 
grain  borv.  flrain 
bvttlt^  Angoumoit 
grii««  r^th^  lf>diin 
maal  molh 

Aiumkwm  phovhida 

at" 

F 

3t^lati/t«nor 

90taW*ti/1,000 

bM. 

Add  to  grain  vtroim.  Fumigm  for 

5daytat54'  -  fiO^F^ 
4day>at60*  -  6B*  F^or 

4  Oiy*  ■!  W    Wm  Iff  "W^W* 

10  palM/lCH)  or 
30Dp«ll«ti/nOOO 
bM. 

Add  to  grain  «traanii*  Fumlgati  for 

4day>at54'  -  F^ 
3day«««:eOr  -  08*  F.,or 
2  day>  at  09*  F.  or  aboM. 

^Tolaranca  for  pyrathrina  and  pipvonyl  bMtmlda  on  oata  It  1  4  8  p^p^ 

* ^Tha  tolaranca  far  phoohlna on  proc»»a  J  wnmoditlai  !■  0LO1  p4p*m,  and  f>n  raw  product  OLi  p^p.m, 


laMig  Octabif  tt>2  Um  ^ftMdai  SiMy-Follow  tha  Libal 

ERIC 


STOMOMOOOCTINttCn 


COMMO0«TV» 

IMSCCTICIDC 

on 

TRCATMCNT 

f^ti¥*  tmfttditmt 

HOM.  WCRC  AND  «HD4  TO  A^f»cV 

7t 

tAFCTV  RCSTinCTKMi 

wd  OtU)  tconj 

Incoocrtttv 
miui  upntfn  bUm, 

tuna-  Atf' 

Otiic,  or  rvin' 

tvp«  nwul  btn> 
Grain  w««wilt.  tawtr 
grain  bo^cr,  gratn 
b»*ikt^  Angournols 
gramn^th,  Indiwt 

f 

13'15Jb71.C00bu, 

Mbc  lfrtO0«ln«cmma(?(r  f  *or 

f  umlgMf  ihouW  b* 
applM  only  by  a  tialnod 
op«n«or. 

Cwbon  l«tr«chlortd* 
(80:20  mtxttfrt) 

F 

Gr«vltv<diitributlon  funOvnkia 
Surfm  9Pt>c«t*on  or  l«y«r(nfl  (MthodL 
60^  F.oraboML 

Aanto  iftir  lunnigMionu 

Fomd^itribution  fumlgatkM.  Ooiid- 
6Cr  F,  or«bM 

ForiCMHlfstribatkin  fuiMgition.  ClOiid- 
nckwlti^nm  or  linOlt^M* 
Below  6(r  F. 

ChloirQiorm  ^  carbofi 

diiurfktetvthvlarw 

<l>brofT>>dt 

50 

bromtda) 

OUMTt 

F 

Gravity ^tftrlbutioA  fumtgatkin. 
Surface  appttcatton  or  taywing  mMhttL 
6(r  F .  or  abowa. 

2,75^7KC00bu/ 

Gravjtv<d>nributioA  fumigMtoA. 
BaWeO"  F, 

Chloroptcrin 

Exttmpt 

F 

3lb71.000bu,* 

Gravitv-ditUibution  fumigaUon, 
Surlac^  application,  70^  F,  or  ibova. 

Gravity  'di«ir  ibu  tion  fu  mtgation, 
Sur1«c« application,  6«lo«<r  70"  F, 

Chloropk;f  in  4 
mathvi  chlorida 

Extmpt 

F 

21b. 

Fofc«d  distribution  fumigation,  Clotad- 
rvciruJtation  or  ainglt-pan. 
W  F,  or  abovt. 

3  lb. 

Forcvd-ditlrtbution  fumigation.  CloMd' 
i«cim/iatior»  or  liogle-pati 
e«low7(r  F. 

*Doub>*  thi  doiaga  if  usad  in  woodan  bin*. 


I«u*d  Cciobar  1972  Uaa  ^kldM  Sif alv~follo«<' tho  tabit 

.     458  ^ 


i 


GRAIN-Corn. 

_»ftd  0»ljj  (con.l  

IncotKriitc  Of  m«t4l 
upficjhtlxns.  3.20abu. 
mei*^  binr.Or  lartn  typ^ 
rneUt  t>«ni 

gr*in  bori^t.  grain 

grain  moth,  Indian 
m«al  moth 


In  i\»X  ftOf*g« 

Bcctl»  and  mOXb% 


E  th  vien*  dibrcKn*d« 
*  methyl  bromide 
(70:30  mixture] 


Ethvien«  dibromidt 
*  fnethvL  bromide 
(30: 70  mixture) 


"Tthyle*!^  dkhlof  id* 
*  carbon  tairachiOfide 
f  75:25  mixture)  . 


50 

(inof9an>C 
bromidtl 


50 

(irMKQanic 
bromkla} 


EthVkne  drbromjde 
♦  ethylene  d^ch^of  ide 
+  carbon  tetrachloride 
(6  35:  60  n>iHture) 


HvdroQen  cyartide 


MethyJ  bromide 


Aluminum  photphida 


50 

itnorganiC 
bromide) 
Othef* 
exempt 


100 


50 

(inorganic 
bfomida) 


(phovphiM) 


fT*r  i,fk)0  t*,  ft. 
ilql*WJ 


34.3601^1.000 


30      01^1.000  bu. 


tt25  1.51b/ 


2  3lti.' 

AS  galVlWbo.* 


I  S  ftaL* 


4^  &gaL/1.000bu.* 


Gravity^diatributior)  fiimigation. 
Sufface  application  of  layering  mtthod. 
70*  F^r  abO¥«  in  farm-type 

P^Obt  fvmigim  into  hottpOt.  


ForcMf^dfttribution  ibmigitior). 
dostd-racirculation  of  «ir>g>e*pM. 
70*    Of  abov«i 


Fofced^j^tributkm  fumigatiort. 
Ctoi«dr*ci«tuUtk>n  or  «ir>gitrp«sL 
70* 


Gravity  diuributkm  furntgatior). 
Sufface  ^>plication  of  layering  method. 
TOT  F.of  abowe. 


Forced- diatributk>o  fumioition. 
Ctovfd^ recirculation  of  lingle-pett. 
70*  F.  Of  above. 


Forced'drttrtbtitjort  fumigetion. 
CfOMd' recirculation  of  virwle>oa«a* 
Below  70*  F.  , 


3  lb. 


31b, 


3  Iti. 


3  tableti/tor>  or 
90  tabtau/tOOO  bu> 


Gravify^dtiiributron  fumigatior>. 
Surface  applicat«ofv  or  layering  method. 
70*  F.  or  above. 


Forced^istribution  fiimtgation,. 
Cloted  recirculatkm  of  tm^e-pass. 


Forced  diatributkm  fumigatioa 
Closed- recircutatiort  or  $ir>glfl^pan. 
34  houraat  60*  F.of  abo^. 


^  Forced  distribution  fumigation. 
Closed  recirculation  Of  ^ingle^paiPL 
34bour>atbelovy50* 


Probe  ubtet*  into  com.  Fumigate  fof 

6dayiat54'-  59f  F^ 
4day3at60'-  68*  F>.Dr 
3day«»t  60*  F.  or  above. 


*OouUe  tbe  dosegeJI  uted  in  woodtrtbina. 

*'Tbe loierance  lof  photphine  on  pion»adcommodHiea  lattOl  p,p.m,  andonreMprodMtv,OLl  p,p,in. 


SaFCrv  ftcsTAicnoNS 


Fumiganta  thould  be 
■pphed  only  by  a  traintd 
operator, 

Aerata  af tar  fumigation. 


Do  not  fumigate  with 
hydfOQjjn  c^^tde  IHCNi 
at  temper aturet  betOMr 
60'F.Aertlafof  24 
hour*  after  treetment. 

Oo  not  rgdrculett  phoapheie 
from  ahicmntim  phoaphide. 


Ooebw  tt72 


45b 
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stohed^oouct  insects 


jnSECT 

on 

TREATMENT 

TOCERANCE 

fp.  p.  mj 

FOMUUU  ATlON 

00 SAGE 

pt*  LOflO  CM.  f%. 

HOW,  WtHERE,  AH0«mEN  to  APf^CV 

SAFET.v  hcstphctiOnS 

GRAJN-Cora 

In  iJ^t  iJotage 
Gr«in  we«vil>,  leisar 
gr«in  bo'er,  gr«in 

grjia  iTioih,  Indian 

C«lcium  cy«nid» 

25 

(hydro9en 
cyenjdil 

F 

15  -  20  lb./ 
1,000  bu. 

Mit  into  0r^n    it  it  btir>g  pliced  in 
itortgo. 

Fumig*ntt  tfiould  b« 
appfitd  o«^y  by  •  trairttd 
operttor. 

C«rboniflr«cltlorid« 
^  cvbon  dttulfide 
(B0:20miHlor«l 

EHetnPi 

F 

4.5931. 
2  9>l 
2.25  «*k 

Gr«vity-dittrfbution  fum«9irtton. 
Surlace  eppiicttioo  or  Itytring  method, 
70*  F.or«bov*. 

Forced>dimibuthn  fumigetioh. 
Cloied  rKircutation  or  tir>gle-PMi> 
GO*  F .  or  ebove. 

Forced  d»ttr (button  fumi9»lion. 
Closed  rK  11  culation  or  single  pm, 
Below  GCT^  F. 

Chloroform  ^ 

ethylene  dibromkJ* 
(71.25:  23.75:5  0 

CHoroptcnn  + 
nr>emyl  Chloride 
i85  rl5miHiure) 

SO 

bromide) 

Other* 

exempi 

F 

 .  i 

375gft1,/1,000bu. 

Grwity  dit^-ibutior)  1umi0«tion, 
70"^  F.  or«bovei> 

4.25  9»l./1,000  bu, 

.  

Gr^jty-dritTjbuiion  f^i million. 
Oelow  70"  F. 

F 

2  lb. 
3Jb. 

Forced  dittrih^jltun  fumtgttion. 
Ooied  rKircuUtion  or  single-ptOk 
70'  F,  or  above. 

Forced  dtfttntMJtton  fum'tgtXtorK 

recirculation  or  sir^gle  P«s. 
8etow  70"  F. 

Elhylene  dibromida 
♦  meihyl  hrOmide 
{30  70  m^Alurel 

f  70  Ttttjiiu/r} 

50 

{ inorgante 
Uomidel 

'.0 

(■MOrq^nic 

F 

F 

rs  lb. 

30  3G  oi./l.OOO 
bu 

Forci;d  Jitir^hution  fumigaiion. 
1  Clo^  recucuiaiion  or  t(r^e^P3tt. 

1  70*  F.  i^r  joove, 

[   

'  Ftfr.f  J  ti^^lr itri>l 1  urT^ ifjdt  1  On . 

riov:d  ri-tfKt.iaticn  or  dfwjJe  yaw, 

BtiOrt  70  f 

1 
1 

K  ...  .1  (  ,fH  "i;:  P-.'.ml-.  r^-iirly    r-tM.»w  Hr-  L.tJufJ 
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STOReO  PROOUCT  iNSECtS 


o 
I 


ftoufd  October  m2 


fHsecTiCioe 

OR 

trCatmCht 

rOFMUL  AT  (Oh 

f*fMir  lAjrp^^rAr 

pff  i.OOO  ft 

ird  trrfi 

HOW,  WHCffC«  ahO  MHCt4  to  APPLV 

mntt  C\Mtt\  Irnt.  \ 

\ 

In  tr^t  )tor39« 

Grain  wc«vj1S.  • 
grain  bora^ .  ^«in 

F 

6  g*IJl.000  bu. 

Gravity  d  1)1  r^butioo  lum^tton. 
70*  F,or  Abov«. 

Futnisantt  ihould  be\ 
applied  only  by  a  traiiW 
op4fator»  \ 

Atrata  aftar  f uin*9attoo)  - 
Oo  not  fumigata  wtth  hv^ooan 

b«etl«v  A'^VHirnot) 
gram  moxh*  Jrvdi«n 
moth 

i 

S.»9aL 

Forctd  d«)tributtoo  fwntgation. 
Closed  recircutaiion  of  )ingl^pa». 
70*  F.ofabova. 

3.75  9ai> 



Forchl'HiitrtlHJtiOfi  fumhuttiln 

CloM  rectrculatfon  or  tingl^paw. 
Below  70*  F. 

btlow60'  F.  Aaratifor  ^ 
24  hourt  aftar  iMimant  \ 

E  IhvJ^ne  dibromidc  + 
cthvlcne  (1iChlofid«  + 
carbon  tctf^hlortde 
t5:  35.  60  miHiiir«} 



50 

(inorganic 
bromide) 
Other) 
exempt 

F 

4  25  gaL/ 1.000  bu. 

Gravity  di)trj button  fumtsation. 
70*  F.of  ibov«. 

,  y 

\ 

Hydrogen  cvanide 

100 

F 

31b. 

Forced  dbtrtbutton  fum^gatkm. 
Closed  recirculation  or  ungte  patt. 

\ 
\ 

Wcihyf  bfomicl* 

50 

(tn  organic 
bromtdt} 

F 

2rb. 

Forced  dt)(rt  but  ion  fumigation. 
Cloiedrectrcu  tattoo  or  )if^a  |>«». 
24  hour)  ai  60*  F.  or  above. 

4  lb. 

Forced  dt)trtbuttOf>  fOm^gattoo, 
Closed  recircuMt^n  or  unglt>pan, 
24  houi)ai  below 60*  F* 

Maiathion 
(premium  grxlt} 

a 

EC 

0  63  Ib71.000bu. 

WtH  with  water  3  ■  5  gal./1,000  bu, 
5pray  on  grain  ftream  a)  tt  goet 
into  «tor«9«. 

Fumigant)  should  be 
applied  only  by  a 
trained  Operator. 

032  lb/1,000  «q, 
ft.  qI  «jrf«ce  araa. 

Surface  spr^y^  Will  not  control  insects 
already  estabiithed  beneath  tha  turfm. 

Repealed  surface  sprays 
with  maiaihior^  may  cauie 
«Hce«sive  resKjues^ 

0 

06  ibiVOOObu. 

MiH  (iu)t  into  wtwat  before  ttorirtg. 
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STORED^PROOUCT  INSECTS 


STOriAGC.  AND 
INSECT 


GAAIN-Cofn. 
•0d  Oittl  (con  J 


tn  fiat  ttorage 

Griin  wwvtl%,  l#*t«f 
QTAin  borer,  griin 


In  bulk,  in  frcighi 

Gram  wcei^ni.  l«ii«r 
grain  borcr.  grim 
bvctlef.  Angoumott 
g#itn  rTMith.  Indiin 
meal  moih 

In  burk.  fn  freight 

Cirt  »nd  i^art 

truCkt 
Giain  weevils,  lesser 
grain  borer.  9rain 
beiMiet,  AngoufiMi} 
grain  moih.  If¥jian 
meal  fnoth 


Storage  biri 

Gram  vmviU  lesser 
grim  borer,  gratn 
beettet.  AngQuitiOii 
gram  moth.  Indian 
me  J I  moth 


iNSCCTlCiOC 


fyrathrint  «■ 
piperotrtyl  botCMiW* 


Ethylene  dibromkle  «■ 
ethVlinvdtchlorld*  + 
Cifboft  tetrachlorki* 
15.  35:  GOmiMturfl) 


Chtofopiain 


Malithion 


MethOMyChJor 


Pyrethnnt  «■ 
pipeionyi  butOx*d« 


TOt.£AAMC£ 


3  +  20' 


50 

Ifnor^inrc 

Othen 
extmpt 


EMempt 


6  or*  grtin 


3  +  20 


EC  or  oil  *orn« 


EC 


WP,  EC 


Soln. 


DOSAGC 


0.06  +  ae  lb./ 


0.06  +  0,63  lb  J 
1.000  bu. 


5.75  oaL/1 ,000  fou. 


31b. 


0.45 1b./1,000 
iq.  tt. 


0,4  000 

n  tt. 


0.0)3  0J3  Ib7 
1.000  iq.  tt. 


HOW.  nH£RC.  AMD  fVHGM  TO  APPuV 


Mix  ^  wit«r  3 '  5  gftl7l.im  bu. 
ly  «i  protactivt  tpr«y  ta  grtiR  ^ 
fora  it  H  fior#d. 


niM  dutt  into  wheat  before  ttoring* 


Appty  trom  out>kf«  ol  cm  u«ing  htnd 
or  po«w/  ipraver. 


Recircufat.lon  fumigacloa 
7Qr  F,  or  abovt. 


Recirculation  fum>0»t>on. 
Bcfow  TOT  F. 


MiM  with  water.  At  tMst  2  >  4  weekt 
betore  gram  b  binned,  wrey  imkle 
walt>  and  floor  of  bin  at  ntc  of  2gg\J 
1.000  iq.tt. 


MrM  with  water  aod  apply  to  walf>  aftd 
floor  of  empty  ttorege  at  the  rate  of 

Zgal  /t.QOOiq.  ft. 


i 


FufhioMli  if>ould  be  / 
af)pltid  only  by  a  iraJrwf 
bptrator.       ^  . 

Repotted  turfftce  tpr«v*  wfth 
welalhioo  m«y  cauaa  ««c«Bhro 
midoet. 


'Tolerance  tor  pyrethrtni  and  piperonyl  bL'toMideon  oati  ii  1+8  p^p^m. 


ERIC 


mued  Ociober  t973 


46b 


Uae  PettkidM  Saffaly-Follow  the  Ubet 


466 


o 
I 


STORED-PROOUCT  INSECTS 


o 

t 

no 

00 


GRAIN -Corn, 


GRAIN  -  Popcorn 


In  b»Qi  tn  f  r«tgtit 

Gr«tn  wMvib, 
vr«in  bor«r.  grtin 

m«tl  motli 


In  bagt  in  war* 

NovKl^  til  fufn(9» 

tion  ch«rTit>«rt^ 

und«r  Urp^ilini 
Gr«in  wvevtltv  I 
gr<tn  bortr,  gr«tn 
twtJtfi,  Angwmoii 
gr«tn  fnoih,  lndi«n 
m«il  moth 


In  5ulk^  .'n  packer 
Mm  with  circul*- 
^  t^n  >vtt«mi 

Gr«io  wtevtli,  Ittw 
griin  bor«f ,  Qr«rn 

gr«in  moth,  Indbn 
m«il  moth 


■t^SECTrCiOE 
Oft 


HOW.  WMCnC,  ^tiO  WMCN  TC  >*^PLV 


Control  m«nurn  for  jn>«cn  in  ttortd  ottt  %t%  tb«  Mm***  in  GRAlN^Corn,  ihttM,  p*o*  14.24. 


Mtthvl  bromid* 


fn  perforated  tt*«l 

crib  btni 

Gr*(n  weevil^  l«tw 
9r*in  bortffr  vr*ln 
fatttU*.  AfiQOumoU 
QTiln  nMth,  Jftdbn 
mNlmoth 


Hydrof^  cv*nW* 


240 

(inoTQiAk 
bromid*) 


100 


M*ttiyl  bri,  4* 


M«thyt  bromide 


Mtthyl  broflifd* 


240 

(inorgentc 
bromid*) 


240 

{inor9*nic 
bromtd«) 


340 

ttoorgaAic 
bromtdt) 


15  \h.  tn  r«frig*rator 


14  lb.  in 


101b.  In  I 
c*r. 


1  lb. 


1.5  Jb. 


1.S  lb. 


2  lb. 


2.5  lb. 


31b. 


2to. 


•72 


46 


Fiimfflit*1or  24  hr. 


P«rfQr*t«d  tt**l  cribt  ihould  be 
cov*r*d  «vfth  ttrpiulfn*. 
Fuminet*  24  hr.  %x  7£t  F.  or  *bov*. 


Recircul*tion  fumigetion. 
24  hr.  *t  70*  F.  Of  ebov*. 


PtfcircuUlton  fumtgatiom 
24  hr  eieO'-es*  F. 


Rectrcutftion  fum*9atioa 
24  hr.  et50*-S9*F. 


R«circut*tk»n  fumtgitioA. 
24  hr.  et  40^  -  4r  F. 


Cover  crib  vvtth  piitiffht  tirp*ulJn. 
24hr,  itOtr  F.or  ibovt* 


Fumi9>nu  thould  be 
*ppl*«d  only  by  •  trained 
op*r«tor. 

Do  not  tumigito  with 
hydrogen  cV*ft<dt  (HCN) 
el  tempttrelurtt  below 
OCT  F.  Aer«t*for24 
hour*  otter  treatmtnt 

A#rac»d  efter  fumlgatwi. 


Uie  PeetleUei  MMv-Followf  the  IM 
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STOft€b^ftOOUCT  INS€CT5 


CO«MaOtTY, 

STQ^aGC,  and 
m%tCJ 

iNSCCTtCiOC 
OR 

thCatmcnt 

dosagc 

■iff ft  tfiAfwiff 

HOW.  «MCne,  AND  whCn  to  apply 

SAFCTV  nCSTHiCTiOHS  . 

GnAlN-Popoorn 

In  viiftll  toti 
Grain  vMvtliL  ^^ttvr 
gri«n  bOMf,  gr^ln 

grtfnmothi,  Indwt 
matt  nioth 

Cvtan  taitrachlorktt 
^  carbon  dfiuKlda 
(80:20  miMtura) 

1  01  Jn  100-lb. 

nsatiJ  can. 

Dlftrlbute  rumtgmi  Moly  ov«r  «irfaca 
and  aJipoia  for  24  hr. 

Fum(0«nt»ihovldbt 
applM  only  by  a 
trained  opefit«>r,  Aartt* 
after  f  urr^ion. 

Ethytano  dkhrorida 
*  carbon  tatrachiorktt 

175;^  miMtur*) 

£Hampt 

F 

In  v«o<idcr»  crib  btm 

9rain  t)or«r«  ^rain 
bettlet,  A<iioiimo*t 
9r*in  moth  Inbivn 
mcjl  moth 

Carbon  tairachlofidv 
^  carbon  diiulf  idt 
180:20  miHlura) 

£Hampt 

F 

egal7li)00bti. 

Dtttribute  fomigant  evtrkly  ovir  ttrfaen 
Cover  crib  Mith  gantght  tirpaullrK 
8Cr  F,  or  abovf  * 

£ihy)cna  Dichlorida 
*  carbon  it tracblortda 
'  175:25  mi  Hlura) 

£ifafnf>t 

F 

egal/I^OOObu, 

DiitrMwttt  rumi9*r>i  avenly  over  wrf  aen 
Covtr  crtb  with  gaslight  tarpaulin, 
70*  F,  or  above. 

In  wooddn  or  mcUl 
bins 

Grain  vMwilt,  lesser 
grain  borvr,  ^rain 
be«il«l<  Aftgoumoii 
grain  moxK  Indian 
m«al  molh 

Carbon  letrachkorkla 
*  carbon  dnulfida 
180:20  miHiura) 

£H«m|>t 

F 

Seal/1,000  bo. 

Diii/iibuie  fumigant  evenly  over  surface. 
Cover  crito  with  gastight  urpaulin^ 
60*  F,  or  above. 

£ihvi«nedkhk>rid« 
*  carbon  letracf^lorida 
175:75  miHuirv) 

£Hainpt 

i_,  

F 

5  galVtOOO  bu. 

Distribute  lumigant  evertly  over  Airfaoa, 
Cover  crib  with  gestight  tarpaulin. 
70r  F.  or  above. 

GRAIN^Rica 
tnrtched 

in  pacKagff 
Saw  loofthvd  grain 
bMlIf .  flour  bMtlM. 
IndiM  mill  morh 

AlumffHfm  pboiphida 

Iphofphina) 

F 

In  tarpaulin  fumigation  place  tablels  or 
pellets  in  iravi  at  each  corner  of  ttack. 

F  umigant*  #>ould  b# 
applied  only  by  a  irainad 
operator. 

Aerate  products  46 
hourt  be  lore  offering  to 

consumer,  ^ 

45  tablets 

, — . — 

Fumigate  for 

5ci3VJat  54'^-59*F., 
4d;iVsat  6(r  -  68*  F.,  or 
3  <}3YS  at  69'^  F.  or  above. 

'The  tolerince  lor  pt>oiphin«on  processed  commodities  is  0,01  p.P.m.  and  on  refw  products,  OJ  p.p.m. 


Inued  Oneber  1972  U»  Pesticides  Safety-Follow  the  Ubel 
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STOAEO  PAODUCT  »NS£CT$ 


COMMODITY, 
iHSfCT 

iHsecTiciDC 

TftCmTMCMT 

TOLCftANCC 
p.  m  J 

Ml  ft  J  J 

SAf^fTY  nCSTMCllOHt 

*  ^  ^^at 

Aluffitftwm  pho^Mt 

aoi* 

F 

Fumigait  for 

3dtyi«tOQr  -68*  F»,or 
2d«y«ita9' F.oribovw. 

Ufidv  hO  «onditiofli 
any  proomd  lood  or 
•nimtf  fMdcoimln 
contact  with  4fty  iltiiHtouni 
pnovinvv  nor  wfui 

47x 


BEST  nOPy  AVAILABLE 


sronED^nODUCT  insects 


lUfSCCTiCiOC 
OA 

OOS>lCC 

HOW,  |»«^£,  AMO  mCH  TO  Jk^i^V 

* 

•APCTV  HCSTmCTlONS 

Mvtnyl  bromldo 

m 

(fnof^k 

F 

4  hr,  vt  TOT  F,  or  ibOM  In 
otmospharic  chimbor. 

Fwvklgwits  tfiouldbt 
ippliod  only  fay  a  tfalntd 
oporalor. 

t 

IwfO  ID* 

Indian  fMl  moth 

1  a»7l  OCX)  lb 

6  hr,  at  TCT  F,  or  tbovt  tn 
•tiVKMpherk  chtntibcr. 

Aatm  aiftw  fwn%«tlon 

1 A  lb. 

with  m«^vl  bromida. 

Under  no  condltkmt  ihaH 
any  proctsstd  food  or 

12  hr,  at  TCT  F,orit>ovom 
vimoiphfrtc  chimbvr. 

anrnial  laod  oimt  in  contact 
with  any  aluminum  phoiphkli 
nor  wilh  aluminum  pttoipbida 
restdu«s^  Aerate  products  48 

'  f^oi71*000lb. 

2  hr,  vt6G*  F.or  abov*  m 
vKuum  cKimbor^ 

hours  t>efore  of  1*rinji  to 
consumer.  - 

070  oiVl^OCX)  H>* 

3  hr,  at  65*  F.  or  abovo  in 

Repellent  pvrethrins  * 

2  lb. 

tf eatnient  not  to  b«  uted 
on  bags  ol  ieu  than 
SO-ib.  tile. 

In  b#9t 

b««ile^  flour  bMto^ 
Indbn  mMl  ff>oth 

Pyr«ttv)ns  +  ptiwonyl 
butosklt  *  tMtcx- 
light  krati  h97L 

1  +  10 

WP 

5  »  1  fvtg.  pyrethrint 
+  50  »  10  mg. 
piperonyf  butoitkle 
/sq.  It,  of  htq 
wrfaoe. 

The  iniect  repellent  treatment  is  to  b% 
•Ppl*ed  on  the  paper  utM^at  the  outer 
ply  of  muUJvvdll  bag»  havingi^niect  tigttt 
construction  a»  lo  sfiiecilications 
available  tiom  ARS. 

GRAIN-Rkft  ^ 

In  b«g»    cjrtoo*  in 
1um*9»tion  ct\afnb«n 
S«v^tooth«d  grain 
beetle,  flour  beetlft^ 
IryJian  me«l  moth 

{photphm) 

F 

In  t^pautin  tum»9ation*  place  tablets  or 
pellets  in  traV»  at  each  corner  ol  stack* 

45  tablets 

Fumigate  tor 

5davtat54  *    59' f  .. 
4dwai  60'    68'  f  ..or 
3dav»at  69'  f  or  above. 

165  pfllleU  ^ 

Fumigate  tor 

4day5at54'  -  59'  f., 
3dayiai60'  *  68'  F.,or 
2da>r»ai  69'  F.  or  above. 

'  The  tolarinco  for  phoK>hin«  on  proceued  cominodities  it  0.01  p.p.m,  and  on  raw  produci^  0.  t  p.p^m 
Inuad  Octobai  1972 
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STODED  PRDDUCT  INSECTS 


f 


»NS€CT 


OR 

TRC>tTMCNT 


TOLERANCE 


faetive  tntltfdtfnt 
pet  t.COO  tM.  ft. 


HOW,  WHEnC.  *N0  whCh  to  APPLT 


miJied  (con  J 


I  n  b»9«  try  f umigittOn 
ch«mbef> 

bt«ii««  flour  btftln, 


MMhvl  bron>td« 


(inorilink 
bromtM 


In  bml 

S«w  toOth«dlK*tr> 
beetl««  f  ICKJr  twvtl*** 
mMl  moih 


125 

^inorganic 
bromkli) 


Storagt  bin 
Saw^toothtd  gntn 
b««tl«,  flour  bMtIn, 
Inditn  mMl  moth 


M«l«thion 


U5Jb. 


4  hr  «t  70f     or  abow  ^ 


1  OI71.000  lb. 


1.5  lb. 


6  hr.  «t  70f  or  «bov«  in 
ttn>otptt«ric  cfiimb«r. 


a5oi./1.003Ib. 


a75  Itx 


12  hr.  at  70f  f .  or  abovt  in 
ttmotiph«r>c  chambtTi 


1.5  or./tOOOfb. 


31b. 


2  hr.  It  65*  F.  or  abovff  in 
Ttcuum  chamber. 


a75ai./1.000ltx 


2U>. 


3  hr.  at  65*  or 
vacuum  thambar. 


1  lb. 


f  umlgataio  Ptckar  bint  for  15  hr. 


0.45  Ib./n000 
*q.ft. 


MathOMvchtor 


0.4  ib./1.000 


Mm  £C  or  WP  wHh  wtt*r.  Spray  irvtda 
walU  and  floor  of  bin  at  nta  of  2  gal./ 
1,000  aq.  ft  at  NM2Maakib«fora 
grain  i«  bihnad 


Pyrathrim^ 
pipanmyl  butoKtda 


3^30 


Oil 


aoi3.ai3ib7 

1.000  «q.tt 


FumiQinttihouklba 
appliad  only  by  a  tralnad 


A«t«tt  tftar  fumigation 


Aarata  aftar  fumigation 
with  mgtfivl  bromkjav 


STOftED-PRODUCT  INSECTS 


COMUOCMTY. 
STOAAGC.  AND 
INSCCT 

tNSCCTlClOC 
OR 

^p.  p. 

FORMULATION 

OOSAGC 
(orliVr  t»gfrdir»t 
fir/  f.OOO  r*.  /r 

J  loir 

'       NOW.  »HCnC.  ANO  WHEN  TO  APPlY 

/  / 

SAPCTY  RCSTWCTlOHS 

nulled  (con  J 

In  unont  m 

Methyl  brt^nklt 

125 

(inorgmlc 

F 

t.25  oi^l.tWlb. 

15  hr.  •!  70*  F.or  ibovofn 
«tmo<phtr>c  chwnbtr. 

Fumlpinti  tfKKiW  bo 
OPplM  only  by  •  trtlrkod 

Stw^tootbtdtfrflin 
beell*.  flour  bMlH. 
Indwn  nvMl  moXh 

t3tt>mkk\ 

t.75m. 

optfUOr. 

9 

2oi7V0001b. 

2  hr-  It  65*  F.  or  ibov*  In 
vKuum  chimbtf. 

4.251b 

Afftto  •fttr  f  umigttlofi 
with  EDiltl^  tbUU&Ul 

—   , 

1.5  01 J  1.000  tb. 

ahr.at66*F.oribov«in 
vKuum«h*mbtr. 

aib. 

1.25  0171,000  tb. 

t2hr.  at  65*  F.  orfbov#in 
vAcuum  chambtr. 

Min#qulpnwnt 

b««tlt^  flour  bwtlHt 
Indian  idmI  moth 

Carbon  MtracHlorldi 
^  •thyltm  dichlorldi 
^  tthyl*^  dibromidt 
(21:64:  15  miMttfi*} 

t25 

(Inor^vtlc 

bromidaj 

OtNn 

F 

\ 

05  -  1.5  pV<n 
v«a  to  b«  i^»d. 

Spot  f  umigition  of  mochihory  Mry  2 

Ethylcnt  dibfon>id* 
(70:30  miMUntJ 

t 

Ethylene  d>chlorid« 
rid*  (75:25  miMturat 

■? 

OctrttttllTl  .    ■  UitPoftkUttSoftlyFollowthittfait 
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STORED  PRODUCT  INSECTS 


COMMOO*TV^ 


GRAIN-fliOi. 
millnJ  Icon,} 


flour  bvttin 


b>*gt  to  w«^^)CHj»  ' 

mOtlK  ktnr  vriio 
borer,  fpritn  bcvtin 


motht  tHMr  fpn«n^ 
bow,  gritn  bMWi 


IN^eCTlClDC 

on 

TAEATMENT 


50 

hnor^inic 
tiromkit) 


tphoiphlni) 


pfr  t.COO  cm*  ft. 


479^  , 

.  'Th«  tolcrvKo  for  ptjotphin«  oo  pnuMtd  «ommod44t«  b  aOI  p.p.m.  and  on  r«wprod(*ai,  0,1  p4).m. 


lr««x«r  €^  F.  for  4  tfAys,  ^tora 
inMct  proof  conutrwri  «ich  nt  gliK 


to  120*  F.  (o  ov«a  Hold  for  as  hr.  Ston 
Ir^Kct'proof  comtinm  ttrtk  «  glw 


Expottfor  16-24hr. 


Pface  t«bf«t»  or  pttl«t«  on  mauf  trvyt 
•t  «ach  corner  of  ttack  undfr  tirpwiin. 


Fumi9»t9  for 

5dty»tt54'-6r  F.,  ■ 
4  djyi  Kt  GOT  -  68'  F.,  or 
3  d«vi    69^    Of  abov*. 


Fumrg^w  for 

4d*vittM*-  sr  F^  ' 

3cl«y«at6(r-  68'  F.^or 
2  dayt  Kt  60*  F.  or  abovt. 


o 
I 


SA^CTV  RESTRICTIONS 


Fumignti  tfioutd  ba 
dppliad  only  Jby  •  mirMd 


Avm  if  ttr  f  iMniQMton. 


Do  not  fK^roultta 
tkfminum  i 


!i 
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Wtlf-MlcwihiUM 


STORED  FROOUCT  INSECTS' 


COMMODITY^ 
STOAAC£,  AND 
INSECT 

inSECT»CiOC 
OR 

TREATIiCNT 

fp.  p.  «J 

pora^uL  at»On 

DOSAGE 
(9tttvt  tnftrtdt  tnt 

hOw.  where.  anO  whEn  to  APPLY 

Safety  restrictions 

GRAiri-Rk^ 
rough  ^con^ 



■  

Ric*  wMviL 

moih,  lanar  grvirt 
borer,  grvin  b*«ttM 

Mithyl  brotntda 

60 

ItnoTQinic 
bfomida) 

F 

1.61b.  i 

i 

Empom  for  24  hr.  m  70*  F.  or  ebovg. 

Fumlgantt  #tould  b* 

only  by  a  min«f 
opvralor. 

Affrat*  aftgr  fumigtt)on 
with  mtthvl  bromkfa. 

Do  noi  r«clrcu>*ta  alkMniiMwn 

Ph05phkC(». 

Do  not  uM  *lii!Pipum 
pl^^fphifle  on  f  ica  ftorad 

In  f|«t  ;tDr*9»^ 
Coocr«t«  Of  mtH^i 
upright  txrti.  or 
tirm-typ«  m«U4 
btni 

An^oumoil  gr«in 
moth,  lener  griin 
borer,  grain  l>««t|«i 

Aluminum  phoiphtda' 

ai* 

(phoiphin*) 

F 

3  tibfwiAon  or 
90tabl«ti/440cwt 

F«ed  tab4«tt  fnto  gr«Jn  tUe«n  or  Inetn 
Inio  gnin  tnan.  Ir  .^fn'igitt  for 

5d*y»it54'-  Sr  F., 
4d«ytet6(r-  68*  F.,r>f 
3d*viat69*  F.or above. 

to  pellatt/ton  or 

^fiA  nAtiM**/AM£\  nut 
•MM  P8rieTv44U  Cwl, 

Add  to  grain  tuearrL  Fumigate  for 

4davi»l&4'  -  59" 
3day»ai6(r-68*V..or 
<  q«y »  mi       r .  or  aoctva. 

C*ldum  cy«n(dt 

(hydrogen 
cyanide} 

F 

* 

M»H  into  grain.  Do  not  uia  in  flat 
norage. 

Carbon  tetrachlorkle 
*  carbon  diulfidtt 
(80:20  miHturel 

EH»fnpl 

F 

Gravity 'dittribotion  fumigation. 

4  S9*IV440  cwi. 

Probe  fumtgant  into  houpot. 

Ethylene  dichlori<lo 
*  carbon  tetrachlo- 
ride (7S:2Smijciure} 

EKttfTiPt 

F 

3  9al7440cwt." 

Grsvily  disiribotion  tumigation. 
At  75'  F.  or  above. 

*Th«  toloranc*  (or  phoiphine  on  proceued  commcxtrtiei  i:  0.01  D.p.'n.  and  onrtw  product 1 0.1  p.p.m. 
"Doubia  the  dosage  il  used  in  wooden  bint. 


I  mild  OctoMr  197! 


ERIC 
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o 
I 


STOftED  PRODUCT  rrsiSECTS 


COmMO  Oi  T  y. 
INSECT 

i 

1 

XnSECTiC*OE 
OR 

TRE AtMEnT 

TOi.E<^  AnCe 

QOSaCE 
ptf  t.OOO  im.  fi. 

HOM.  IMhE^E.  AnO  MrHEN  TO  APPLV 

SA^erv  RESTAtcTiONS 

GftAirsi-fttce. 
rough  Icon.} 

concrete  or  mtfl 
uprrght  bint,  or 
f«rm  typ«  mti*\ 
btnt 

ft  tee  v^t^vil^ 

Mil^tKiOf^ 
(prtmturn  4('»<iel 

B 

EC 

0.63  lb./440cwt. 

Treat  at  rice  it  being  placed  fn  ttoraga. 

Fum»gantt  should  be 
applied  onJv  bv  a  traifwd 

Pyr«thrint  + 
pjpefonvJ  butojcrdtf 

3*?0 

EC 

02*2.0^7440 
cwt. 

Treat  at  rke  it  being  placed  in  norage. 

operator. 

bortf,  9r«in  beetlw 

 *  

M#Chyl  brQrni<le 

50 

(morgan  tc  ' 
bromtde) 

F 

t.5  ^  2  lb. 

F AfH»H.rf r4tf i lu  1 14 A  fumia^iOA  in  fJAt 

norage.  Eitpoie  for  24  ^  36  hourr 

Aerate  after  fumigation 
with  methyl  bromide. 

Do  not  raleaae  aeroiol 
near  open  flam«i 

Aaroaola  may  be  utad 
againet  axpoMd  ln»ctt 

In  fl«f  tlor«9«. 
concreCs  or  met«l 
uPriQht  bint,  or 
f«rm  tvpe  nneui 
btnt 

Moth!  ftjrfpce 

infe««tk>n 

M«i«tKion 
fprtmtum  grade) 

B 

EC 

—  1 

O02  Ib./lOO  «|.  ft. 
of  9Mi9ot  area. 

Surlace  tprav  will  not  control  Imeco 
afreadv  ettablifhed  beneaih  lurface. 

Mathvl  bromida 

50 

{inorganic 
bromicti} 

F 

1  lb. 

E>«po«e  ror  16  to  24  hr.  at  60*  F.  or 
above.  Dosage  calculated  for  overhead 
space  onlv. 

onlv^ 

Pvrethrina  + 
ptpcrortvl  bucoitkfa 

3  *  20 

Oil  loin.  %^>iwt. 
Pvrrthrmi  0.2  + 
piperonvf  bucoKfda 
2.0  *  teCrachloro- 
eihvlene  50,0  * 
<kodorized  kero>ef>« 
47.B 

OOOS  +  0.06  lb./ 
1.000  CM.  fx.  0^ 
airspace  ovw  tha  f- 
load. 

Appiv  with  thermal  aerotol  generftor. 

Pvrethrint  0l5  + 
piPeronvi  butoi^icla 
5.0  *  tetrachloro- 
ethvlen«  50.0  * 
deodorized  hero«er>e 
44.5 

0.006  +  0.06  IbY 

t.ooocu.  n.  or 

ainpace  over  ttia 
load. 

Appiv  w^th  mechanical  aerator 
generator  or  at  a  mitt  tp^av- 

In  rretght  cart 
ft»ce  wMvil, 
Angourrrait  grain 
n>oih.  letter  grain 
boror.  greinbeecie* 

Mathvl  bromide 

50 

(inorganic 
brorr^ide) 

F 

10  12lb./car. 

Bagi  or  bulk  rn  neel  fre^t  car. 

Fumigants  ihould  be 
appfiedonlv  bv  a  trained 
operator. 

12  15lb./car. 

Bagt  or  bulk  In  wood^t^  freight  car. 
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STOnED^BODUCT  INSCCTS 


ST0«IAG£.  AMD 
INSECT 

iNSCCTiCiOC 
OA 

TnEATMCWT 

TOLEnAMCE 

/p.  ^.  -J 

FOftMULATiON 

00$ AGE 
tmrtivt  tntrtdttmt 

tnittt  ^thtmitt 
ttattdt 

mOh,  fmCRE,  ANOWHEtl  TO  APPLY 

SAPCTV  fieSTftiCTlOHS 

rough  tconJ 

Slorw  bin 

moth,  lcn*r  grttn 

WMithion 

Songrein 

EC 

0.45  lb./1, 000 
>q.  ft. 

MU  with  wiit«r.  Ax  leatl  2  -  4  iMtke 
b«f^  Or«jn  jt  blfifM,  «pr«v  mfid« 
w«nt  ind  lloor  of  bin  «l  r«1«  Of  2  gil./ 

1,000  >q,  ft. 

Attnta  aftar  fumlgMlon 
wf  th  meihvl  bromtda. 

JMhoxychJor 

2  on  grttn 

WP,  FC 

O.ilbj'T.OOO 
■q.  ft. 

Pyrettif  int  + 

3+20 

Soin. 

0.0130. 13  Ib7 
1,000  >q.  U. 

MiK  with  w«ter  »r>d  apply  lo  w«ll«  *nd 
froor  of  empty  ttoragt  «t  the  rete  of 

GnAIN-Wh««t> 

Contful  mewr^for  inMCtt  in  ftored  rytt  »r«  Iha  Mn>««t  in  GRAIN  -  Wh«iit,  page  1451. 

In  b*gt  in  wtrehoute 
Gritn  w«evilt, 
k«t^  Qfiin  t>Of«r, 
grirn  beeitev 
Angoumott  grain 
fnoih,  Indian  mett 
niuih 

Aluminum  photphk^ 

F 

In  tarpaulin  fumigation  f^ece  Ubteit  or 
pellets  in  trayt  it  eech  corner  of  stack. 

Fumiganti  tfiould  be 
applied  only  by  a  trained 
op«fator. 

45  Ubieti 

Fumigate  lor 

5daytat54'  ^  59'  F., 
4dayt  at  60*    66'  F.,or 
3d3ytat69'  Fpor above. 

165  P«l1«|t 

fumigate  lor 

4davtat54'  -  59'  F., 
3daytat60*  -  68*  F.,or 
2  days  at  69^  F.  or  above. 

Under  no  condttiOnt  #iall 
arty  processed  food  or. 
aniinal  feed  come  in 
conrect  with  anv  aluminum 
phosphide  nor  with 
aluiDinum  ohotbhide 
re-does. 

Meihyl  bromid* 

SO 

bromide  1 

F 

4  lb. 

Space  fumigation.  60*  f .  or  above. 

f  umigantt  should  t>a 
^plied  onty  by  a  trained 
operator. 

6  lb. 

Space  ft^migaiion.  Below  60*  F, 

''Tha  tolerance  for  phosphineon  procetsed  oorrirnodltifft  it  0.01  p.p.m.  and  on  raw  products,  0.1  P.P.^. 
l»Md  Octobar  1972 
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STOneo  PRODUCT  IN5ECTS  .  ■  O 


1 


 :  J  

*NsecTiCioe  . 
on 



TOLEf»*NCF. 

* 

FOP 

DO<,*r,L 

hOh,  VtHE^E^  AND  vtH^hr  TO  APPLV 

G  Ft  A1 N — Sorghu  m 

(con.) 

 —  

i 

In  bulk 
inleftatioo 

Chloropk:rin 

Exompt 

f 

rSlb./VOOO  cu 
ft.  of  fO^ce  obov« 
grom. 

App^V  ^       fOroy  or  vopor  intu  fpoco 
<Mr  top  ol  9rair>  to  control  mothi  in 
turlore  loycf  ■  70"     or  above. 

r 

Aerate  of tef  fumigation 
with  methyl  bromide. 

2ib^1.000cu.  ft. 
0^  ipocft  obovo  groin^ 

Apply  01  fine  spray  or  vopor  into  sp$ct 
lurfoce  lovef.  Below  70* 

Afptatfld  lurface  Iprayo 
wnin  n*OHiiniun  will 
cauM  eftc««iv«  mkliMt. 

Inbuili 
Groin  w««Wflt. 
It»«r  aroin  bortr^ 
(rain  beettei 
Ai>90umQii  groin 
molh.  Indion  iti««( 
molh 

Mit«Ih»on 
tpwniuiti  4r«d*1 

B 

EC 

0.63tb71.000bu. 

Mix  with  watef  3  *  5  gol71,000  bu. 
Sprov  on  groin  ttreom  ot  it  goe» 
into  ilorage. 

a32lbyi,0O0fq. 
ft  Dl  wrfoc*  *rt<. 

Surface  iproy.  Win  not  conuci  tnooctt- 
olreadv  ejtabUfhftd  b«ne«th  the  wrfocfii, 

0 

0.6  lb^l.000  bu. 

Mix  duit  into  ^^\f%  befofa  storing. 

In  bulk,  in  concflto 
or  metal  eievotor 
bini^  1200-bu. 
meut  bir^i.  Of 
l«rfn-tvp«  meui 
bi/ti 

Groin  wmiJi^ 
ksw  groin  bor^r. 
Oro»n  t«etlc^ 
AnQOumotooroin 
vnotb,  Indivn  ntcil 
math 

AlumUwm  phoiphNl« 

tphoiphin*) 

f 

3  tableti/lon  or 
90ublott^^.00abu. 

Add  to  groin  ttreom.  Fumigiti  for 

SdMysot  54'-  59*  F., 
4davs«t  60r  -  68*  F.,  or 
3  <*flVi  ot  69^  F.  or  above. 

Fumigantv  ihoukJ  bo 
applied  only  by  4  tnirMd 
operator. 

Do  rmt  recirculate 
OfUaiHiUfTi  pnovniQV. 

Do  not  epply  calckim 
cvanidia  In  woo<fin  blm 

10  pelloti^ion  Of 
aOOpdlou/LOOO  bu. 

Add  to  or*io  ftfeam.  FumigMo  fof 

4doViot54'-  S9*F., 
3d«y«ot  60r  -  66*  F..  or 
2divi«t60*  F.  or  above 

Cokium  cv«))d* 

25 

f 

15-20tbJ1,OOQ 

Mix  into  groin  tt  It  ti  bting  binrML 

48V 
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STOftED^flODUCr  .INSECTS 


COMMODITY, 
STORAGE*  AN|> 
IHSCCT 

iNSCCTiCloe 
'  o« 

TOLCAANCC 

FOfMUUATlON  ^ 

OOSAGC 
(mrtivt  im^rtJitmt 
ftt  LOW  cfc  ft. 
ntttr  Viktrwitt 

■ 

HOW.  MHCftC.  ANO  WHCN  TO  AP^Y 

SAFETY  PtUTinCTlOMS 

htm.  3  onftJfc* 

(BO:  20  mUturtl 

F 

4fl«l71,000  bu/ 

Grwktv-diftiribution  fumlgatlOA. 
SuHrct  vpl  icMkm  or  riyning  mtthod. 
6cr  F  or  AtwHi* 

fmtil  bim,  or 
fftpnf  tvi»  mtt«) 
'  bint  t> 
Grtin  wMvilt,  iMMr 

grtin  moth,  Indltn 
mMl  moth 

FofCiM«ftribiJtion  fumiotttoA.  i 
Oow^  wirculatkkn  or  tingl^paM* 

eor  F.oTibov*. 

as 

Forcii<Mtstribulkm  4iim>9«tfOfv. 
Clo«ed-r<tircul«tlon  or  T^npftri 
MowfiO'F, 

(7t.2S:23,7S: 
5.0  mHturt) 

90 

bmnkli) 

F 

asfltivi^ooo.bu/ 

GrfVitV'dibtrjbution  fumigatton, 
70*  F.crabovt. 

FunOgwili  MhwU  bg  ippM 
onty  by  a  tnlntd  optrMor. 

4.6fl«l/t,000bu,* 

Griv  jtv^  distrtbiitiorf  f umigition. 
B«low  70*  F. 

A«rm«ftir  fumlgttloa 

Chtorapicrin 

F 

4lb^1,000bu.** 

GrfyitV'dinribcjtfon  ftimtffttion.  ^ 
70*  F.orabovt. 

6lb^t,000bu/* 

Gf«v(ty  distribution  fym>9«t*oni. 
SeVow7(r  F. 

Chlorapicrin  ^ 
m«ihvl  chlorfdi 
(85:  fB  mUtun) 

F 

4  lb. 

Foixed^diitribM'  on  fumtgition. 
Clofed>rec(rcu1«>  on  or  ijfkgle-pm. 
70*  F  .orjbove. 

Sib. 

Fofc«<fdiitribulton  ftimttf^tton.    .  ^ 
Cloted^ recirculation  or  lingltt^paa. 
B«low  70*  F. 

£thvt«n«  dibromid*  ^ 
ithylttni  d»chlofidt  ^ 
carboo  fetrachloridt 
tS:  35:  GOmUtura^ 

50 

brofnide^ 
Othcri 

F 

4  0*171.000  bu.** 

GrivitYdlithbutjon  fumigation.  * 
Surface  application  or  layaring  method. 
70*  F .  or  above.  ' 

*Doublt  t>M  doaiii  if  UMd    wvgdtn  bin. 

"Ooubl*  ttw  dO«gB  if  u«d  in  wrioden  bin.  MiNiimjin  chloropicrin  dougt  tobt  6  Wt.OOO  bu. 
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STORED  PRODUCT  INSECTS 


iNSECTiCiQE 

Off 

TftEATMEMi 

TOLEHAr^CE 

OOSACE 
p4  r  /  jff/rt  1 1.  ft. 

hOw.  where.  Af^Q  w^fE^t  TO  APPLv 

safi^tV  restrictions 

GRAIN-Sor^un  icofxA 

-  -  ■ 

In  bulV.  in  coricretfl 
or  n\eia\  eiw»tOf 

metal  binv  or 
fflrrtvtVP^  metal 

lrtt«r  IK*"*  borer. 
t|rfl»n  t>eetlet, 
Ar>Qoumoit  gr'trt 
muth,  lodian  mMl 

Ethylene  dtbromtde 
+  methyl  brom»de 
(70. 30  miitturel 

50 

f  inorganic 
brom»def 

F 

'  48  60o£7 

Probe  ftimigani  into  hotspot 

1  ■ 

F-'<r  ^"ne dtc^londe 

(75  2Smi>£ture} 

Exempt 

F 

5  9al7l.000bu  * 

Gr    1 1 V  c)i  ttr  i  but     f  u  migetton . 
TO*  F.or  ebove. 

Eth/lcrw  dtchloride 
+  carbon  teirKhlor  jde 
|75:7&  miittore^ 

F 

3.25  geL 

Forced  diikribution  fumtQatron. 

Closed recircuietio.i  or  fingle^pau. 

W  F .  or  ebove.  ^ 

Fumtgenti  ihould  tk« 
•PPIied only  bye treti'ed 
opefetor. 

4.75  gel. 

Forced  dtttribution  fumigetion. 
Closed  recifculetion  or  ti'>OFe^pen. 
Below  70*  F . 

EthVlerMT  drbromjdt 
+  meihyf  bromide 
f30:70mixtui») 

50 

(inorgenic 
bromide)  , 

F 

Z25  ^  3  lb. 

Forced' diilntMjtron  fumigation. 
Closed- recirc J  Ution  or  singHe  pau. 
W'  F.  or  above. 

A«reti  efter  fum^aition. 

4  1b. 

Forced  dittributfbn  fumigetron. 

CImmI  r         j  I  ■!  io  n  ox  unfile  nits 

Below  60*  F,  " 

Irt  bulk,  irt  cortcrete 

or  mei^l  birn 

Grarn  we«vjK  lesser 
^ain  bof  er,  9rain 
twetJrt.  Angoumoil 
^•in  rTK>th^  IrxliAn 
me*l  moih 

1  inorganic 
bromide) 

r 

/ 

Forced' distribution  lumfgatfOn+ 
Closed-rep ircuiatk>r)  or  tingjle  pen. 
60'  F .  or  abov^. 

5fb. 

Fbrc«d■diltributiof^  fumigetwi. 
Closed.recirctJlation  or  tfr^e^peu. 
Below  50*  F. 

Ir^  bulk,  in  freight 
CMtdnd  v«rt  truck! 
Grain  weevtit,  leoef 
gram  bow.  9f»in 
t>eellrt.  Angaumoii 
f|r*in  moih,  trxlian 
rne*!  nnoth 

Chlorop*crin 

E)(«mpt 

F 

4  lb. 

Recirculation  fumigation. 
70*  F .  or  ebove. 

eib. 

Recite  letion  fumigatiorv 
Below  70*  F. 

Rouble  th*  do»gt  if  uim 

i  in  wooden  btoL 

49. 
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STORED-mODUCT  INSECTS 


■1 

tNSCCTtCtOe  ' 
OR 

mATMCNT 

tOl  c^ahcc 

rOm^ULATiON 

oosAce 

pft  KOOC 

HOW.  ^tH^RC.  AHO             TO  APPLy 

SATCTY  lteSTRiCTH)NS 

GHAIN-Sorflhum  {con.) 

In  bulk,  in  fr««ght 
cari  tnd  van  tnicki 
Grain  VMwili*  kwr 
grain  bor*r«  gratn 
beetle^  AoQOunnoli 
gram  moth,  Indian 
meal  moth  (con.) 

Mathvl  bromidi 

90 

*  tinorvinic 
bromide) 

F 

41b. 

Racirculaiion  fumigation. 
70*  F.  or  above. 

Fumlgmit^mldbi 
applied  only  by  a  iralnad 

61b. 

Racircutation  fumigetior^ 
B%\om  7(r  F. 

oparatdr, 

Acrait  after  fumtgattoA. 

EthvlmtfjbfomWe 
^fihvlana  dichforid* 
^  carbon  tetrachlorid* 
t$r  35:  GOmtM^ra) 

50 

(tnorvenic 
bromide) 

iucempt 

F 

a 

7.25  geiyi.OOO  bu. 

Apply  from  outside  of  car  u«ir>0  hand 
or  po!fMt  tprvyar. 

In  flat  iturwH 
Grirn  wttvi^K  lenpr 
griln  borar^  grain 
befll«t«  Avtgoumoti 
gram  moth.  Ind^n 
meat  moth 

Ahj  minu  m  ptHMph  ide 

O.t' 

(phosphine) 

F 

OOtabtatt/t^OOOIw. 

Fumigete  for 

5dayi  at  54  -  50  F., 
4dayiat6(r-  65*  F.^or 
3dayiet69r  F.orabova. 

Do  not  rvckculata 

Cateiom  cmida 

25 

(hydrogen 
cyanide) 

F 

15  ^  20  ib71,000 
bu. 

MtJ(  Into  ^ain  at  It  fi  baing  pfacad  in 
storage. 

Carbon  tatrachiorldv 
^  carbon  dtftilfidt 
(80:20  mUtura) 

Ewampi 

F 

6gil7t.000bu. 

G rarity 'dtitrtbutton  fumigation. 
60*^F.  Of  above. 

2.75  M 

Forced  diitriburion  fumigation. 

Cluscl  f At  trc^l  Alia  A  at  ■incil*>nMS_ 

60*  F.  or  above. 

4gaL  ^ 

Forced  diitribution  fumigetion.  ^ 
Closed  recircularjon  or  lingle^pats. 
6elow60"  F. 

'The  toieranc*  for  prioi|>hJna  on  processed  commodities  ii  OOt  p.p.m.  and  on  Tm&  products,  O.t  p.pj 
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STORED  PRODUCT  INSECTS 


iNSECTtCiOE 
on 

TREATMENT 

 '  

roL.E«*ANCE 

DOSaOE 
(ttrUt  r  im^tt^iitmt 

MOW.  WMERe.  *H0  WhEh  to  APPl  ¥ 

=  

SAFETY  RESTRICTIONS 

GRAIN -Scfghum  kon.l 

In  f  Ut  TtOTfegi 

9r«in  bortr,  9!"*'" 

9r«in  nnoth.  Indian 
in«timoth  Icon.) 

ChtorolOTm  + 
C4rbon  diitiffidt  + 
«thVlene  bromide* 
f7l  25.  237G: 
&X)  miitttjrel 



50 

bromide! 

Oiherf 

tfiempt 

f 

5.5  0*1-/1.000  bu. 

Or svav distribution  fumtgilion. 
70*     or  «bOve. 

Fumtgants  #«uld  bi  apptttd 
only  by  •  Wintd  opirator. 

Aarato  aftir  fumlgttfon. 

6.5  9iL/1,000bu. 

C^^vitV-drttribuiion  fumfgition* 
B«IOMf  70*  F* 

Ethylene  dibrofn»d« 
+  ^hVlen«  dichlor»d« 
+  Cirbon  tetr«dilondt 
(5:35:60  mU  tun) 

50 

bfomidil 

f 

e  0*171,000  bu. 

Cri^ilV-diiifi  button  turn  iQttton. 
70*  f.  or  «bOv«. 

Chloropicrtn 
m#lhVl  chlorkk 
(65:15  miKiur*) 

Eitempt 

f 

4  lb. 

f  oned-dittribution  fum*0*tion. 
Cloi^d-reciftutotion  or  tingjlO'fMA. 
70*  f .  or  «bOv«. 

Bib. 

forced'dittribution  fumigation.  ^ 
Ctos^  recirculation  or  tingle  pa«i. 
Below  70*  f . 

+  mett^Vl  bromidi 
i3O:70mUtun] 

i 

tinor^pnfc 
brom»d«) 

c 

^            ^  111 

Forted^drstnlmtion  fumfQ'tion^. 
Cl09>d- recirculation  or  tiriQle-pait. 
70*F.orabov«. 

4Jb. 

Foroed-dtitributio<«  litigation. 
QoaadfaCMcutatloo  or  >ir>gto-f)m. 
eelow  70*  F, 

EthViene  dibfomidt 
+  methyl  bromidi 
(70^30  mixture) 

50 

(inor^anfC 
bromidfl 

f 

48  (tf7l.000  bu. 

Probt  fumigant  Into  hot^tot. 

49b 
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STOREO^RODUCT  INSECTS 


V 


COMMODtTV, 
INSECT 


tNSECTtCtOE 
OR 

TREATM04T 


TOLERANCE 


CXISAGE 

prt  J, WW  fft,  /if. 


MOW.  WHEftE,  AND  WHRN  TO  *P^y 


tAFCTY  fieSTl|iCTtO*l9 


GRAlN-Sor^Hjm  (con J 


In  f  i*t  ftor«ge 

gr«m  borer,  9*'*in 
been**,  Aogoumol* 

mttal  moth  {con  J 


Eihvim  dtchfofkft 
^  carbon  Mtrichtortd* 


G/«^iiV-dijitribuikM>  1^Jo«tfon< 
TOT  F.  orabovMi, 


Fofc«d^diftributlon  fufnigMjon^ 
ClO(»ftd-r«circulation  or  vn^^ptaL 
7(f  orabOM, 


Fortcd  diitH  button  fumHM>t*on. 
Cloivtf^rttcjrtcutotton  or  iinglo^pM 
B«low  7Cr  F, 


MvthVI  bromidt 


GO 

(inorgtntc^ 


4  lb. 


Forced  difjtrtbution  fumigatjon, 
Cloted-racirculation  or  sinfUo^pvt. 
Get  F,  or  tbov*. 


&tb. 


Forced- distribution  fumif^tton. 
Closed  recirculation  or  tiftglo^pui. 


Store^a  bin 
Grain 


 ,,Jili  

(ram  borer^  grain 
beettn,  AnQOumoit 
gr^in  nwth,  Indian 
mcfll  moth 


IMaiathion 
(premium  grade) 


8  on  gram 


EC 


0,45  lb./1,000 
sq,  tt. 


Mathoxychior 


2  on  grain 


WP.  EC 


0,4  lb71,000 
aq.  ft. 


tA'tx.  with  water.  At  leatt  2  ^  4  w«ckt 
belore  grain  it  binned^  iprav  intkte 
wall  J  end  f  roor  of  btn  at  rate  of  2  gaiy 
nOOOsq.  ft 


Fumlgantt  Mould  bt 
ipplltd  only  bv  a  tnlnad 
opantor. 


Aarata  aftar  f  umigaUon. 


Pyrettirim  + 
piperonvl  butoxide 


3  +  20 


Sola 


0,013  0.13  Ib7 
1,000  sq.  ft. 


fAtx.  with  water  and  apply  io  waMt  and 
Moor  of  empty  ttorage  at  the  ret«  of 
2gaJ./l,00Ot(|.  ft 


STORED  PRODUCT  INSECTS 


I 


<N5CCTlC<0E 
OA 


TOLERANCE 


CXI5AGE 

p*r  t.OOO  tu.  ft. 
unit  it  Qdktnvttt 


HOK  MHEftC.  AND  «VHEN  TO  APPL^ 


I  AFC  TV  «ti 


CRAIN'Whe*!  ind 


In  twgi  in  warthouM 

grtin  rnoth,  Indlin 
nwtl  rnoth 


Mithyl  bfomKit 


50 
tin 
brofnkll} 


2tb. 


41b, 


Sp«c«  fumigition.  8<low 


6C^F 


In  bulk 
I«s«r  grtin  bor«r, 

froth 


^  tnfMUtton 


In  built  or  In 
Flying  tf«MCt« 


EC 


^63  lb./1.000bu. 


wilh  Ml*r  3  ^  5  QaL/1,000  bu. 
Spray  on  gnin  ttwm  m  it  goes 
into  ftoraoe^ 


0.32  Ib71r000«i. 
fL  of  wrfM«  VM. 


Surr*c«ipr«v.Will  not  control  iraacts 
already  e»tablifh«d  bmeith  the  turfm. 


O6lb71,000bu. 


Mi)(  doft  into  gr«in  before  ftorktg. 


Pyrvihrirw  ♦ 
P*P«ronvl  butOKkft 


3*20 


EC  or  oil  toln. 


0,06  ^  0,6  Ib7 
1,000  bu. 


MU  with  w«t«r,  3  5fl«l./1,000bu. 
Appiv  tf  protective  spriv  to  grein 
before  it  it  itor«d. 


a06  4  0.83  f  b7 
1,000  btj. 


Wit  dutt  into  grern  before  tlorirtg. 


Chloropkrlf) 


Exempt 


1.5  Ib7l,000cu. 
f  L  of  ipace  ebove 
grein, 


Apply  »t  ftni  ipfiy  or  v«por  tnto  ipece 
w^r  top  of  grein  to  control  moihi  In 
urfece  fever.  70*    or  ebove. 


2lb./1,0O0cu.fL 
of  vece  above  O^ein* 


Apply  M  f  ^  iprey  or  v«por  into  ipece 
over  top  of  groin  to  control  motht  In 
turfece  Uygr.  Below  70*  f> 


Pyrethrlne  ♦ 
piperonyl  butoxlde 


3^20 


Oir»o]n>%  bY»^> 
Fyrethrin*  0.2  *^ 
piperonyl  butoxide 
2.0  4  tetrechloro* 
ethylene  bdO^ 
deodortted  Itemm 
47M 


aoos^aoe  ib,/ 

tOOOciiftcf 


Apply  wUh  thermel  eerotol  geoeretor. 


Fumtgentt  ihould  1 
epplied  only  by  e  tntjf 
operetcr. 


Do  not  rsteeie  eer^«ot 
nter  en  open  f  femi; 

Aefite  efter  fumigttion 
with  methyl  bromide  or 
chteropkm 
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ERIC 


•n 


n^RED^ROmiCT  IMSECTS 


iNtecT 


tHS£CTlCfOe 

on 


TOUCMANCC 


fOAiUL  aTiOn 


oosagc 

pft  t,000  Tu,  fu 
umtttm  0tkttwimt 
mtcttd) 


WHCIIC*  and  MhCN  to  APft-V 


GRAIN 
RV*  (coal 


In  built.  In  CQoa*^ 

or  mcul  bint, 

ftrnvtypt  mmi 

b*nt,or  I»r9* 

vtf  Unit! 

Gr«in  WMvtll,  1 
^»\n  bor«r.  Qr*in 

)r«tn  moiK  lndi«n 
rn««l  nnoth 


2fr 

thydroQtn 


Corbon  twtrachloridi 
^  carton  dmilfidt 
(80:20  mUtUfttt 


Chlorolorm  ^  cirbon 
ditulfidtt  ^  tthylttfM 
dibro<f>id« 
(7V25:  23.75: 
5iO  miixlifrt) 


90 

(ir«or9Mie 
brofnidit 

^efnpt 


3  UbWtt/ton  or 

OOublaa/I.OOO 

bu."» 


Add  to  flrain  ftratm,  F  umlgrti  for 

4«tfv««tG(r-  68*  F*,  or 
3  diiV*  at  69*  F,  or  abov*. 


lOP^IUti/lonor 
300p«1ltu/1.000bu, 


Add  to  or«in  mum,  Fumlgit*  for 

4diVtit54*-  59*  F^ 
3«l«Yt  ttCO'fiB*  F,*  or 
2divt«t69f*  F,  orabov«. 


12 '  tS  Ib^VOOO 


MiK  into  grain. 


20lb7l.000bu, 


Mix  imogrtiA.  In  3,200'bu,  mttal 
bim 


259<}./l*O0Obu/* 


GravJtv-dfitributjon  fy  mixtion, 
W  F-  or  aibov«. 


Foro«d*dtttr»buLion  lumigation. 
Doted- recircutation  or  tlngite'PM* 
6Cr  F,  or  above. 


U5  flal." 


Forccd'ditU'ibiition  fumigation. 
Closed  recirculation  or  tingfc-paA. 
Below  60*  F. 


1.75  flaiyi.OOO  bu- 


Grevity^dittr  jbutton  fumigatiOft. 
70*  F,  or  above. 


2.75  oaL/t.OOO  bu." 


Grevfty  djftribution  fumigation. 
Below  70*  F. 


FumloiniatfMiMba 
wptAM  only  by  i  tntntd 


Oo  oQit  ncfrojtait 


'Tb# 
* 'Double  tha 


for  phcMphine  on proceottd comrnodlliea  w€lOl  p.p.m.  af>d  on  rawproductt  Olt  p.p.m. 
do«»Qt  If  uiad  in  wooden  bins. 
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IMNttkklasSfltaty-FolKMrl 


STOREO  PROOUCT  INSECTS 


O 

t 


COMMO  OiTv. 
SIORACC.  A*  "1 


GRAlN'Whest  tnd 
Rve^loonJ 


In  bjlk^  in  oDr>ciet« 
or  metti  bmt, 
ftrmtVP*  ftettl  btfit, 
or  ^r9«  ntti  tank! 

Grttn  weevilly  1«o«rr. 

O'**'^  bor«r,  V»irt 

grt^n  nnoth.  Indian 
mMl  nnoth  (con.} 


(NSECTiCi  DE 
OA 

TREATMENT 


ChlOrop*Cfin 


m«thvl  chhHM« 
(85:15  mf}£tur«( 


Ethv**^  d  (bromide 
^  ethv'o*)*  d>chlQrkl« 
^  cirbon  t«tr*chloride 
(5:  36:60mMtur«( 


EtKylont  dichtoriita 
^  carbon  titr*cblorkto 
1 76:25  mtxnirat 


tOlEramCE 

fp.  p.  m.t 


50 

(inor9an*c 
bromide  ( 
Othert 


Extrnpt 


FOnMULATtON 


OOSACE 
pc'  LOOO  CM.  ft- 


2  ibnjOCObu  * 


3ib71,000bu.* 


2  lb. 


3  lb. 


2.26  o«l./1,OOObu.^ 


3gtl./1,O0Obu 


1.75  oil. 


2.75  «*l. 


HOW!.  VVH£Re.  ANO  ¥fHEH  TO  APPtV 


Gr^vrtv^iltribotion  fumigation. 
70*  F.  Of  abovt. 


G^avrtvffrttffbution  fumtgatfon. 
B«low  7Cr 


Forced ^ffHrf button  fumtg^tron. 
Clo«d ^recirculation  qt  tingle  patt. 
70r  F.orabov«. 


Forced-<t«mit>ution  famigation. 
Ctoied^recirci>lation  or  fingleptu.'' 
Below  7(r  F. 


Gravitv^diitribution  fumiQVtion. 
Surface  application  or  layering  method. 
7(r  F.  or  above. 


Gtavitvditnibutlon  Ajmigition. 
7tr  F.  or  above. 


Forced  <f istribut  ion    m  igat  ion* 
Cto«d.recirculation  or  tingle  patt. 
7(r  F.  or  above. 


Korcad'diitribution  fumt^ation. 
Ck»rd<rwirculation  or  dngle^pttt. 
B4\tm,7tf  F. 


0> 


SAFETV  ftESTfttCTlONS 


Fumtgantt  should  b« 
appi(«d  only  by  a 
trained  oper«ior. 

Do  not  fumigate  with  f^ydrogen 
cv^^fHCNt  tt  temperature 
baloweOrFTAeratafor  24^ 
houn  after  troitmvnt. 
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•Doubk  itit  dosv  (f  Md  «n  woodpi  b^ 
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ERIC 


mn 


if1EO#ftOOUCTIIISCCn 


1 


INSCCT 

ixsccTicioe 
on 

TOLCXAHCC 

ro  EMULATION. 

OOSACC 

HOKL  VtHCMC.  ANO  VIHtM  TO  APft^V 

J 

SAFETY  HUTHicTlONt 

Rv*  (am.) 

In  bulk.  In  concrvti 
or  mml  bint, 

bini^  or  largt 

itMl  tank! 
Gnin  wvMil^  ^mm 
gr«in  borer,  graii) 
bMtlei  AnpDumolt 
Or«in  motti.  IntftMi 
oimI  moth  (am.) 

Mtttiylbfomidf 

bfomiOfl 

F 

2  to. 

ForoKJ^dlitributlon  fumlprtlon. 
CloMdwlroilitlon  or  ikigtt-pMi. 
60*  Ff  or  ibovti. 

Fumtpann  tmiMbt 
ipplM  only  bv  « tffiliMl 
OfMraw. 

Atf«t«  altar  fumlgatkm. 

Do  not  riclroilat* 
ahiminum  pbovphida; 

3  to. 

Forovd^titrlbtfUon  futnlgitloa 
CloMd-rtclrcwtotton  or  iin|l»iM«. 
B«k>w6(r  F. 

Etbyttra  dtfaromltft 
^milhvl  bromUf 
(30;7Omlxtm) 

60 

flm^lc 
bromid«) 

F 

ijfito. 

ForcMl-diitributlon  fumigfttten, 
70*  F.or  ibov*. 

^  ForcwfdtftrtKitton  ^Igttioa 
BtkMv  70*  f : 

StKyltmdIbromldf 
(70:30  miNturv) 



60 

finor^'^^ 
bromldi) 

F 

X  -36ox^JX)0bu. 

Prdb^  f  umipint  into  hoUpoL 

r 

In  buMtf  frnght 
c«^«nd  win  tnicki 

gnin  bor«^«  grain 
bMtleih  Aniioumott 
gr«in  motfv  )nd(«n 
meil  nr>oth 

Aluminum  ptM>tphkli 

0.1 

F 

3tibtoti/tonor 
vv  wmv  1  ^iRAf 
bu. 

Fuminatttor 
Sdayf«tfi4*^5r  F., 

4dav»«tdO'^6S'F.,or  t 
3  days  vt  69*  F.  or  above 

Chloroptain 

F 

2  to. 

/ 

Recirculation  fumigation. 
70*  F,  or  abovQ. 

31b. 

Racircutitkm  f  umigatkm. 
fiakMT  7C*  F.  . 

iMMd  OcMbw  »T1  UMPtttteidnStftly-FonawttoLaM 


I 
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STORE  D'Pf^ODUCT  INSECTS 


I 


itiSF  Ct 

insfxticioc 

Oft 

jitt  1.000  «,  ft. 
untttt  otktriBitf 

HOW,  irmtnt.  AMD  WiWH  TO  APPLY 

.afcty  ftesTincTioais 

GRAiM-Whc«1  And 

In  bulk,  in  (reighl 
cMT«nd  v»n  vucki 
Gi0in  Mrtwili,  l««tr^ 

Mathyl  bromkla 

50 

f 

21b. 

Aecirculation  fum^lon. 

jlf  Jr   C    n#  —  t-  -■  ■- 

/u  r ,  or  oDOWt 

pnin  moth,  lodi«ri 

bromlda^ 

31b. 

fttdrculatlon  fymlgttloii. 
BalowTOr  F, 

m««|  moth  Icon.^ 

ElhVtarta  dibromida 
+  «thvlen«  dichloride 
^  carbon  t«tfachk>rid« 

15r  35:  ^rrtUtur^) 

Jill 

50aL/1,OOObu. 

Apply  from  outskta  of  cftr  uiir>o  har>d 
or  powtr  ^wvyar. 

PufnfQtrm  tMHikl  ba 
ipplM  only  by  •  VtlAMl 

In  (tevator 

m«chin«i  V 

Grjin  ^tf«vvtri.  !«nif 
^•m  bofBT,  gr*ih 

gr^in  fir>othf  Lndt«n 

 '■  1 

Ethyl^na  dibromida 

♦  m«thvl  bromicte 

(70:30  mfitlural 

50, 

1  inorganic 
bromtda} 

t 

1,5 '  2  o£7boot 
or  leg. 

Apply  *t  oftan  ai  nacatsary  to  prevant 
irtf  avtation  from  bacfMnii>o  ttftablitfMdL 

Do  oot  raclfOJim  glumlrHm 
pltoipMcla> 

Eltiylona  (l»ctilOfida 
^  carbon  latrachloritft 
(75:25  nifjciural 



Eitampt 



F 

1.5  pt.  In  imall 
bootv 

Apply  Moftan  aanacanarv  topravant 
Infettatlon  from  bacomk^  aftablitf>ad* 

05  geK  In  lar^ 
boon. 

4  otJft.  In  tcrtfvv 
convayon* 

In  elevator  tunn«Ji. 



Methoitvchior 

2 

ECorWP  ^ 

OXIb/I.OOO 
at|.  ft. 

Apply  aiiatidual  ^ay  about3  timat 
dkiriog  tha  mstmm.  Ctaan  araa 
.t^o^ough|y  bafor^  ipraylng. 

Grain  w«ev lit.  [imr 
gii«in  borer,  gf«tn. 

gr«in  mOih.  Indian 
meal  moth 

Pyr^thrint  ^ 
ptparonyl  butOKtdt 



3^20 

^EC  ^ 

a013  0.1:3  lb./ 
1.000  iq.  ft 

In  fUt  itorvge 

Gr^ain  wmiit^  Inwr 
gratn  borer,  ^jratn 
bMttn*  Angoumoi* 
grain  moth.  Indian 
mMlmoth 

Aton^trtun^  phosphide 

fphoaphlnaJ 

F 

3  tiblau/ton  or 
00tabiaii/1.000bu. 

r 

Place  tableti  fnV*ln  ^f*^  Fumlfftta 
for 

5<layiatfi4^*60*  F^ 
4<laysit  60"  -  68'  F*,  or 
3<layiat60' F.  orabovft,  . 

V 

.  Calcium  cymida 

25 

Ihytfrogan 
.  cyarM) 

F 

15  ^  20  Itk/KODO 

J 

Mu  tmc  prglfL^ 
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*  Ite 

r 
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ERIC 


STOHEO^OOUCT  IM5i£C1V 


1 

COMMODtTY. 
STOflAGE.  AND 

 1 

Oft 

TftCATMCMT 

TOLCftANCC 

FOftUUL  ATIOH 

HOW,  WHCftC,  AH^vneM  TO  A^LV 

Gff  AIN-WhMt  And 

in  ttit  stor«QA 
Gr«in  vmvitlr  ^&gm 
gr«in  bortr*  Qnln 

gf»m  nnoth.  Inditn 
nml  nnoth  (con  J 

Carbon  l«tneh<or«tf* 
(BO:  20  milttura) 

Extmpt 

F 

Grwitv-dlttrlbutlon  fkimffrtion. 
60*  F.orabovt; 

FunUgms  tfKMildb* 
apptiid  ofily  bv  a  tralrvd 

Fovtvd-diftributiQn  fumfgiUon* 
$0*  F,  ortbowt. 

oiMrator. 

Aarata  aftar  fkimigatton. 

2gU. 

FomdKllatributlM  fkimtgitloft 
Mow  60"  F. 

Chlorolorm  + 
carbon  diwlfld*  + 
fthvim  dfbroa>ld« 

l71p  26:  23.75: 
M  mUturt) 

50 

ttnorguiic 

Iwontid*) 

Oth«r» 

F 

3.25  ei«71 .000  bu. 

Gr*rity  dituibutlM  fufntgitloft 
TOT  F.or«bM. 

3.76  9*1^1*000  bo. 

Gfivity  dtitributiOA  fiimtgitton. 
Mow  70*  F. 

CMoropkrin  + 
mtthv*  chlorida 
(BS:  16  mixture) 

F 

2  lb. 

Forcvd-diitrJbutton  fiimfaittofi* 
70*  F.or  ibov«. 

3  lb. 

FArtcacf-dtftribtjtiiwi  lijmtaMloA. 
Mow  70*  F, 

Ethvl*n«  dibfomid* 
+  aihvUn*  dkhlorfd* 
+  carbon  t^rachtorid^ 
10'  jO^  OMffiDttUrfr 

50 

Onorvmic 
brom*dt) 

F 

3.769iiyi^biJ. 

Grivity  diitribution  fkimigiition, 
70*  F.  Of  abowf . 

—  — 

Ethv1*n»  dibromkle 
+  methvl  bromid« 

r  

50 

(tnor9inie 
Uomkit) 

F 

tm  1.6  lb. 

Forc«d<dittfibut*Ofi  himtgition. 
70*  F.  or  ibov«. 

2  -3  lb. 

F  oread  dlsthbut  ton  ^igMlon. 
B««ow  70*  F. 

EtKvltne  dtbromlde  + 
n>«thv1  bromida 
170:30  milt  ture^ 

50 

(moroif^k 
bromid*} 

F 

X  3601./ 
1,000  bu. 

Probt  f umtgant  into  hottpot 

l«u«d  Octobar  073 
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U*a  Paiticidat  Safaty-Fotlow  tha  Labal 
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o 
I 


$TOf«EIM>f«ODUCT  INSECTS  y 

 1  1  1  '  m 


SIOflACC,  AND 

iKSCCTiCrOC 
on 

ronwULATtoN 

OOSACC 

HOttf.  «MEAC.  AHD  WhEH  TO  APPLY 

Ryt  fcoa) 

Gi«tn  wMvtl«,  Umm 
grtto  borvf.  grtin 

grtin  moUv  IndtM 

Ethylvni  dichtorMt 
^  Cirton  tftrachtorUf 

(75;  25  mutturvt 

Gf  flvlty^iftributlon  fumlgnloft 

Fwn^pmi  tfMuW  bi  iOClM 
only  by  •  Iralrad  opMior. 

■ 

rpr^virviHrniiiiivn  lunH^nnm* 
TOT  F.Dr«bov«* 

Foretd-dimibutlon  fumffMlOft 
DtKM  fir  r. 

Mithyl  bromUf 

50 

bromM 

Fo'od'ifMtrtbulton  funMlsnlon* 
Rtcireudition  or  ilnglt-pMii 
W  F.  DTibov*. 

3  lb. 

FofctddiftrttTution  fymtgttlon. 
Rtdrtulatkm  or  .ilngli  pai 
B#tow6Cr  F. 

thip  t  hold 

grtin  boivr.  grtin 

grain  moth.  Indian 
mt^\  rnotti 

fprvmkim  0r«d«l 

tj  on  gnfn 

•q.  ft. 

MIX  Wun  Htiir.  /41 IMVI  ^  *  4  MnflCl 

belorv  grtln  ii  blnrndL  ipray  tMid* 
wttli  >nd  floor  of  b*n  ■!  r«tt  of  2  gthj 
1.000  iq.tL 



Methoxvchlor 

2  on^in 

a4  Ib71^000 
«q.  ft. 

pip«rorYv)  butOKtdi 

aOl3-013lfai/ 
1^000  «q.  fL 

Mi¥  with  wfHT  md  flpphf  to  «nd 
floof  of  «n|itv  ttofiQi  tt  Hm  ra«i  of 

2gU71,000»q,tL 

GUMS 

Stvr^roottwd  tnd 
llourbettin 

lAdvt  ntMi  moth 

Follow  mtnufmufw'i  dkvtkmi  on 

Fumtgvrts  ^mmiW  bi 
i|)pl  W  onty  tw  •  irakMtf 
opifitor. 

Appendix  D 
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WATERPROOFING  SOIL  CONSTRUCTION 
BY 

Joseph  H.  Boatwright,  Sr, 


PREFACE 


This  manual  is  concerned  with  the  methods  of  waterproofing  all  types  of 
soil  construction*    It  shows  how  to  make  use  of  all  forms  of  local 
vegetation  to  produce  gums*  res1ns«  and  oils  that  can  be  used  as  water*^ 
proofing  agents*   Very  few  tools  are  necessary^  and  they  can  be  made  from 
local  materials  * 

The  plants  which  contain  these  gums»  resins«  and  oils  are  different  from 
one  part  of  the  world  to  another*   So  no  effort  is  made  to  identify  the 
various  plants;  some  of  the  more  common  ones  are  given  as  examples  of 
what  one  might  expect  tb  find  and  use* 

One  part  of  this  material  is  devoted  to  the  method  of  getting  out  th)&  gums« 
resins^  and  oils;  the  other  part  talks  about  making  necessary  equipment 
from  local  materials*   All  measurements   are  given  in  terms  of  the  height 
of  a  man»  the  width  of  a  man's  hand»  the  length  of  a  finger*  etc;  there  is 
no  need  to  use  rulers  or  tape  measures. 


TREES 


Trees  are  a  good  source  of  waterproofing  material*    The  first  and  best 
place  to  V  .'k  is  the  sap  of  the  tree. 

Many  trees  will  not  have  a  free  flowing  sap;  many  will  not  have  a  useful 
sap.   All  kinds  of  trees  in  the  neighborhood  must  be  tested*    To  test  a 
tree  "  cut  through  the  bark  to  the  wood  with  a  knife*  leaving  a  bare 
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place  on  the  wood  about  the  width  of  one  finger  and  as  long  as  a  man's 
hand.    This  cut  should  slant  downward,  so  any  sap  that  drains  will  flow 
toward  tfie  lower  end.    At  the  bottom  of  the  lower  end,  place  a  cup  to 
collect  any  liquid  that  flows.    These  cups  can  be  made  from  gourds, 
coconuts,  or  a  section  of  bamboo  stalk.    See  Figure  1.  below  showing  how 
this  should  be  done. 


Testing  the  Sap 

Watch  this  cut  for  several  days  to  see  If  any  sap  flows.    If  it  does  not, 
no  other  trees  *of  this  type  should  be  tapped.    If  the  sap  does  flow, 
collect  a  cupful.    Test  the  sap  to  see  if  It  will  waterproof  mud  or  soil 
walls*    To  do  this, brush  or  wipe  the  sap  on  the  walls;be  careful  to  soak 
all  of  the  wall  In  the  test  area.    It  is  better  to  have  too  much  sap  on 
the  wall  than  not  enough.    Alow  the  sap  to  remain  for  two  or  three  days  - 
it  may,  or  may  not,  dry.    Then  throw  water  on  the  test  area.    If  the  color 
of  the  wall  darkens,  it  indicates  that  the  water  has  wet  the  mud  or  soil, 
and  the  sap  did  not  waterproof  the  wall.    If  the  color  of  the  wall  does 
not  change^  then  this  sap  is  a  good  waterproofing  agent* 


Collecting  the  Sap 

Be  sure  to  remember  which  kind  of  tree  supplied  this  sap.    All  trees 
of  this  same  type  should  be  tapped  for  their  sap.    Search  for  these 
trees.    Tap  every  one  of  them  just  like  the  first  tree.    If  there  are 
not  enough  trees  of  this  kind  in  the  neighborhood,  then  test  other  kinds 
of  trees  for  their  sap*    Test  the  sap  in  the  same  m  nner  as  before. 
Collect  the  sap  from  each  tree. every  few  days,  and  store  it  in  a  larger 
container  -  this  container  may  be  a  bucket,  skin,  or  a  large  section  of 
bamboo.    When  a  large  amount  of  sap  has  been  collected,  waterproof 
another  section  of  your  home.    Continue  the  process  until  the  entire 
building  has  been  waterproofed.    Then  waterproof  the  Inside  just  like 
you  did  the  outside. 


Figure  }  * 
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Test  Fruits  for  Oil 


If  none  of  the  trees  In  the  neighborhood  give  sap,  try  the  fruit  of  the 
tree  -  berries,  nuts,  seeds,  or  fruit.    Allow  the  fruit  to  ripen  on  the 
tree.    Then  pick  it.    Place  it  in  the  sun  so  that  it  dries  completely. 
Then  the  seeds  may  be  picked  out  easily.    Collect  enough  seeds  to  make 
a  pile  at  least  as  high  as  a  man's  knee.  Several     piles  this  high  will 
have  to  be  collected  to  produce  enough  oiK    The  seeds  should  be  crushed. 
Do  this  by  placing  them  on  a  large,  flat  rock,  and  mash  them  with  a  smaller 
stone.    Crush  them  thoroughly,  deposit  them  in  a  cloth  bag,  and  place 
the  bag  In  a  large  pot.    Add  water  to  the  pot  until  it  covers  the  bag,  and 
then  place  the  pot  on  a  fire.    Heat  until  the  water  comes  to  a  boil.  If 
oil  comes  to  the  surface  of  the  water,  skim  It  off  and  collect  it  In 
another  container.    Continue  cooking  the  seeds  until  no  mre  oil  comes 
to  the  surface.    At  this  point  take  the  pot  off  the  fire,  drain  off  all 
the  water,  and  put  the  Dag  In  a  press.    See  Figure  2. 


Cop 

Figure  2. 

Oil  and  water  will  come  out  of  the,  seeds.    Separate  the  oil  from  the 
water,  and  save  it  with  the  other  oil  you  have  collected.  Continue 
pressing  until  no  more  oil  comes  out.    Since  this  is  a  rather  involved 
operation,  it  Is  not  a  one-man  job*  r 


Test  the  Nuts 

If  the  tree  has  nuts  instead  of  berries  or  seeds,  the  hulls  must  be 
removed  before  the  nuts  can  be  crushed.    Save  the  hulls  separately, 
as  they  may  contain  a  resin  or  oil.    Crush  the  nuts,  and  express  the 
oil  from  them  as  outlined  above. 

Test  the  hulls  of  the  nuts  to  see  if  they  have  any  oils  or  resins.  Place 
the  hulls  on  a  sheet  of  metal,  or  in  a  metal  can,  and  put  it  on  a  small 
fire  of  hot  coals,  no  flame,    if  the  hulls  contain  oil  or  resin,it  will 
flow  out  onto  the  metal.    Do  NOT  let  the  metal  get  red  iiot,  because  the 
resin  or  oil  will  be  burned.    Any  resin  or  oil  should  be  collected 
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and  added  to  the  oil  already  saved.    The  resin  or  oil  from  the  hulls 
usually  has  a  very  high  melting  point^so  it  will  turn  solid  when  cooled^ 
and  cannot  be  applied.    It  must  be  mixed  with  other  oils  with  a  lower 
melting  point.    Hulls  that  pro'cfuce  no  resin  or  oil  may  be  thrown  away. 


Test  the  Leaves 

Soaie  trees  produce  a  9um»  *and^  deposit  it  on  their  leaves.    To  see  if 
the  leaves  have  a  usable  gum: 

.    Dry  the  leaves. 

.    Cook  theni  on  metal  as  above. 

.    If  a  gum  flows  out  on  the  metal  sheet,  save  it  and  mix  it  with 
your  oil . 

.    These  gums  also  must  be  mixed  with  oil,  or  they  cannot  be  used; 

Bamboo,  and  possibly  other  grasses  with  tough  stalks,  contains  a  resin 
dispersed  throughout  the  fibers  of  the  stalk.    To  collect  this  resin: 

.    Dry  the  bamboo  in  the  sun  until  it  is  brown. 

.    Crush  the  dried  bamboo  with  rocks  until  it  is  broken  up  into 
small  fibers.  ^ 

.    Place  the  fibers  on  a  metal  sheet,  and  spread  them  out  so 
that  they  form  a  thin  layer, 

.    Place  the  metal  sheet  over  glowing  coals. 

*    Heat  until  tlje  resin  flows  out  on  the  metal. 

.    Collect  the  resin  as  it  drips  off  the  sheets  and  immediately 
mix  it  with  oil.    One  warning:  If  too  much  resin  (from  the 
bamboo  or  other  plants)  is  mixed  with  oil,  the  oil  mixture 
will  begin  to  harden  as  it  cools.    If  this  happens^add  more 
oil  until  the  mixture  stops  hardening  as  it  cools. 


Coconut  Palms 

Coconut  palms  may  be  treated  separately,  since  they  are  a  fairly  common 
tree  in  many  parts  of  the  world.    The  trees  will  yield  no  sap  or  gum> 
but  an  excellent  oil  can*be  obtained  from  the  coconut  itself: 

*    Remove  the  husk  from  the  ripened  coconut. 
.    Break  the  nut  open. 
.    Drain  the  milk. 

.    Remove  the  meat  from  the  shell  after  it  has  been  dried. 

.    Cook  the  meat  as  soon  as  a  sufficient  quantity  has  been 
gathered  from  the  dried  shells.    Cooking  alone  may  yield 
sufficient  oil;  pressing  may  be  tried  after  cooking,  but 
only  if  a  significant  amount  of  oil  can  be  obtained. 

By-products  from  each  of  the  above  should  not  be  discarded,  but  saved 
and  used  to  the  best  advantage.    The  meal  from  the  seeds>  berries,  nuts> 
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etc.  is  rich  in  protein  and  can  be  used  as  a  food  supplement.  There 
is  the  danger  that  some  seeds»  such  as  the  bastor  bean»  cdn  be  harmful 
to  human  beings.    Therefore^it  is  wisest  to  use  the  meal  from  trees  as 
fodder  for  cattle,  hogs»  etc.    Only  the  meal  obtained  from  grain  and 
grasses  is  completely  safe  for  hunan  beings.    If  excess  oil  is  produced^ 
it  may  be  used  in  lamps  or  made  Into  soap,  as  described  later.  Coconut 
shells  are  most  useful  as  cups>  dishes^  lamps>  containers^  etc.  The 
residue  from  cooking  bamboo,  nut  hulls»  etc.  may  be  used  as  a  form  of 
charcoal  for  almost  flameTess  fires. 


BUSHES 


Bushes  may  be  treated  in  the  same  manner  as  trees,  except  that  there 
is  little  reason  to  try  extracting  the 'sap  from  them  since  the  stalk  of 
most  is  so  small  it  is  impractical  to  tap  them.    However,  they  do  produce 
berries  and  nuts  that  may^be  dried,  crushed,  and  pressed  as  described, 
earlier  in  TREES.    Many  bushes  produce  an  edible  fruit  which  should  be 
eaten  firsts  and  the  seeds  saved  and  dried  for  crushing  and  pressing. 


VINES 

Most  vines  produce  berries,  some  of  which  are  edible.    The.  seeds,  in 
either  case>  may  be  crushed  for  oil>  just'  as  shown  earlier  in^Ms  manual. 
There  are  other  vines  from  which  the  sap  will  flow  quite  readily.  In 
this  case^the  vines  are  simply  skinned,  or  cut>  on  one  side>  and  the'sap 
will  begin  to  flow  out.    This^  sap>  like  that  of  the  trees>  will  have  to  - 
be  tested.    Since  the  sap  from  some  vines  is  as  thin  as* water,  it  cannot 
be  used  just  as  It  comes  from  the  vine.    A  sap  such  as  this  will  have  to 
be  cooked  over  a  low  flame  first  to  try  to  thicken  it.    If  cooking  does 
not  thicken  the  sap>  throw  it  away>  and  do  not  use  that  vine  again.  If 
cooking  does  thicken  the  sap,  apply  the  thick  sap  to  the  walls  of  a  house> 
and  test  it  as  was  done  with  the  sap  from  trees.    If  the  thick  saO  acts 
as  a  waterproofing  agent»  tap  as  many  vines  of  this  type  as  can  be  found. 
After  a  large  quantity  of  sap  has  been  collected,  cook  all  of  it  at  once> 
and  then  use  it  as  a  waterproofing  agent. 

GRASSES 


All  grasses  produce  seeds  of  one  kind  or  another,  but  most  are  much 
smaller  than  those  found  on  other  types  of  plant  life.    While  it  may  seem 
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impracticdl  to  bother  with  grasses,  this  is  the  largest  source  of  veg- 
etable oil  for  many  people  today- 

The  seeds  should  not  be  gathered  until  the  grass  has  turned  brown; 
then   the  seeds  will  be  easy. to  remove  by  holding  the  stalk  between  the 
thumb  and  index  finger.    Draw  the  stalk  through  the  two  fingers,  artd  the 
seeds  will  f^l  off  in  the  hand.   Collect  as  many  seeds  as  possible, 
since  each  s«d  yields  only  a  very,  very  small  amount  of  oil.  Crush 
the  seeds  as  discussed  before.    Cook  and  press  them.    If  enough  seeds 
are  used*  a  lArge  quantity  of  oil  can  be  obtained.    This  oil  may  be 
used  as  is  without  testing,  since  it  is  well  known  that  such  oils  are 
,   excellent  waterproofing  agents.. 

It  must  be  added  here  that  the  oil*  the  meal*  and  the  whole  seed  it- 
self are  highly  nutritious.    If  the  village  is  lacking  in  food,  forget 
about  waterproofing*  and  use  all  the  edible. seeds  for  food  purposes.    If ^ 
the  people  ha^-e  adequate  food*  then  the  seeds  may  be  crushed^  and  the  meal 
fed  to  any  domesticated  animals  on  hand:    cattle,  horses*  hogs*  sheep, 
or  similar  animals.   4Jnder  no  circumstances  should  excess  seeds,  oil* 
or  meal  be  discarded;  it  should  be  used  as  food. 


OTHER  PLANTS 


Plants  which  do  not  fall  into  the  category  of  trees*  bushes*  vines* or 
grasses  still  produce  seeds  of  one  kind  or  another.    We  suggest  that  all 
seeds  be  picked  regardless  of  their  origin,  and  cooked  and  pressred  to  see 
if  they  contain  oil  in  sufficient  quantity  to  be  useful-    If  the  oil  yield 
is  large  enough,  gather  all  the  seeds  of  that  type,  and  use  them  as  a  source 
of  oil .  ,  ^  ( 


EQUIPMENT 


One  of  the  first  pieces  of  equipment  needejd  will  be  a  brush.  Bristles 
for  a  brush  c^n  be  vegetable  fibers*  hairs  from  a  horse 's^  tail  *  or  hair 
from  the  tai/of  any  animal*  if  the  hairs  are  long  enough*  stiff  enough, 
and  straight^fenough.    The  hairs  should  be  fairly  stiff  (about  as  stiff 
as  those  from  horse's  tail  or  mane*  or  those  from  hogs),  strai^iit,  and 
as  long  as  from  the  tip  of  the  middle  finger  to  the  wrist.    The  handle 
can  be  any  kind  bf  hardwood;  a  piece  of  bamboo  is  excellent.    To  make  a 
brush; 

.^Choose  a  piece  of  hardwood  about  as  big  around  as  the  little 
finger,  and  twice  as  long  as  the  bristles. 
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Grasp  a  small  bundle  of  bristles  within  a  circle  made  by 
the  thumb  and  forefinger* 

Insert  the  handle  in  the  middle  of  this  bundle  of  bristles 
so  that  one  half  the  length  of  the  bristles  is  along  the 
handle,  and  the  other  half  is  loose. 

Tie  the  bristles  around  the  handle  with<*a  leather  thong, 
vegetable  fiber,  or  any  strong  cord. 

Tie  once  at  the  end  of  the  handle*  then  once  at  the  end  of  the 
bristles,  then  tie  once  between  these  two.     Be  sure  to  tie  as 
tight  as  possible,  so  the  bristles  will  not' come  loose.  It 
is  better  that  two  men  make  the  brushes  because  one  man  will 
find  it  difficuTt  to  hold  the  bristles  and  tie  aj  the  same 
time. 

Trim  the  bristles  at  the  loose  end,  so, that  all  of  them  are 
the  same  length  from  the  handie.    See  Figure  3  below. 


Bristles 


Figure  3.  ,     .  ^ 

The  next  piece  of  equipment  needed  is  a  cup  for  collecting  the  sap  as  it 
drains  from  the' tnee  or  vine.    Any  hollow  object  can  be  used  with  ease. 
We  merrtloned  earlier  that  gourds,  coconut  shells,  or  sections  of  bamboo 
stalks* may  be*used.    Figure  4  below  ^hows  how  these  will  appear. 


O-OUR  O 


Coco  ^4UT' 


T 


Figure  4. 
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Cook  the  meal  in  bags  made  of  any  coarse  fiber  or  cloth.    Their  size  is 
immaterial;  the  only  requirement  is  that  they  are  not  wider  or  longer 
than  the  stones  in  the  press  (th^  should  be  somewhat  smaller)*  See 
Figure  2,    They  may  be  made  in  a  square  or  round  shape»  and  made- to  " 
contain  as  much  meal  as  may  be  cooked  at  one  time.    The  cloth  should 
be  strong  enough  to  withstand  the  pressure  of  the  press.    If  the  cloth 
is  not  strong,  the  bags  wilt  burst,  and  the  meal  will  spill  out* 


BUILDIj^G  PRESSES 


Two  types  of  presses  may  "be  construct^df"  one  is  shown  in  Figure 

and  will  be  described  below.    The  other*  the  Chinese  wedge  press*  will 

be  described  and  illustrated. 

A  smallstone  base,  about  ankle  high,  will  support  the  flat 
bottom  stone  of  the  press.    The  bottom  stone  of  the  press  should  be 
slanted  so  the  oil  flowing  onto  It  drains  toward. one  end  into  the 
container  placed  there,    A  flat  stone  about  the  same  size  as  the 
bottom  stone  is  the  top  stone  of  the  press.    A  log  about  ^s  long 
as  the  hefght  of  two  men  and  as  thick  as  a  man's  thigh  is/the  lever 
for  the  press.    This  log  will  have  to  be  very  strong  to  support 
the  weight  of  five  or  six  heavy  men.    One  end  of  this  log  is 
anchored  as  close' as  possible  to  the  stone  base*  and  to  the  ground 
very  securely*  so  it  will  not  rise  when  the  men  press  on  the  ott]6r 
end.    To  Use  the  press*  place  the  bottom  stone  on  the  base*  and 
the  collecting  qup  at  one  end.    Place  the  bag  of  meaV  on  the  bottom 
stone,  and  the  flat  top  stone  on  top  of  the  bag.    Next*  place  the 
long,  heavy  log  on  the  top  stone*  with  one  end  anchoi^ed  securely. 
When  all  of  the  equipment  and  log  are  In  place*  abbut  five  or  six 
heavy,  strong  men  should  press  down  on  the  free  epd  of  the  loa* 
applying  all  of  their  weight  to  the  log  at  once  tb  exert  as  much 
pressure  as  possible.    As  they  press,  oil  and  waiter  will  be  ex- 
pressed from  the  meal.    The  mixture  will  run  down  the  bottom  stone* 
and  be  collected  in  the  cup.    Continue  pressing  untiKall  the 
meal  has  been  pressed,  and  all  the  oil  collected.    After  the 
mixture  has  been  standing  a  while,  the  oil  will  float  on  top  of 
the  water.    Scoop  off  the  oil*  and  discard  tt*e  water.    This  process 
may  be  repeated  until  enough  oil  has  been  prepared  for  the  entire 
^  village. 
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Figure  5. 


Chinese  Wedge  Press 


Obviously^  from  the  appearance  of  the  press>  it  will  require  tools 
for  both  its  construction  and  operation.    If  the  tools  are  available^ 
or  can  be  constructed^  this  press  is  far  more  efficient  than  that 
shown  in  Figure  2«    If  tools,  such  as  saws»  axes,  mallets,  and  an 
ample  supply  of  cloth  (for  the  bags)  are  available,  we  suggest  that  the 
wedge  press  be  used. 


WeoGe^,  Even 


WEOGES  AT  St/^RT" 


New  WEOGES  AoOiHD 


^  Figure  6. 


Trees  are  the  end  braces  since  they  are  sturdy.    If  two  closely  placed 
trees  are  not  available^  two  strong  logs  may  be  used  in  the^ir  pj/=ice; 
each  log  should  be  as  thick  as  the  thigh  of  a  man,  and  shoulcf^he  two> 
thirds  as  tall  as  a  man.    Each  log  should  be  buried  upright  in  the  ground 
one-half  of  its  length.    Then  each  lot  should  have  an  angle  brace  (seo 
Figure  7)  on  the  outside;  the  press  will  be  placed  between  the  logs: 
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pRess 


Figure  7, 


Any  number  of  bags  may  be  placed  In  the  press  at  the  same  time,  as  the 
force  exerted  by  the  wedges  will  be  distributed  equally  throughout.  Place 
the  first  two  wedges  In  the  press,  arvd  then  add  enough  bags  to  fill  the 
press  tightly.    The  bags  should  have  flat  stones  larger  than  the  bags 
placed  at  each  end  so  that  neither  the  tree  or  wedge  will  press  unevenly 
Into  the  end  bags.  The  bags  inay  be  of  the  same  general  size  and  shape 
as  those  used  in  the  other  press.    The  base  trough  may  be  made  of  wood  or 
stone,  as  long  as  its  shape  permits  the  oil  to  flow  Into  a  container. 
The  drain  may  be  In  the  center*  or  at  either  end.    The  wedges  should  be 
started  as  shown  In  the  diagram  In  Figure  5.    The  wedges  are  to  be  placed 
horizontally   so  that  they  may  be  driven  from  the  sides.    As  the  wedges 
are  driven  in,  new  wedges  can  be  added  to  Increase  the  pressure.  (The 
meal  will  be  compacted  as  the  pressure  is  Increased,  and  more  wedges 
will  be  needed  to  maintain  the  pressure).    The  wedges  may  be  made  of 
nearly  any  kind  of  wood,  but  hardwood  is  preferable.    The  wedge  should 
be  as  long  as  a  man's  arm  from  his  wrist  to  his  elbow,  and  as  wide  as 
the  meal  bag.    The  wedge  should  have  a  fairly  fine  edqe  at  one  end,  and 
be  as  thick  as  the  breadth  of  a  man*s  hand  at  the  other  end.    The  wedges 
should  be  driven  with  a  wooden  mallet,  which  can  be  made  very  easily 
(See  Figure  8), 


Figure  8. 
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Cut  a  log  as  thick  as  a  man's  thigh  and  as  long  as  a  man's  foot.  In 
the  center  and  In  one  side^  a  hole  should  be  drilled  (burnt,  carved,  etc.)' 
All  the  way  through,  the  log.  The  diameter  of  the  hole  should  be  the  width 
of  two  fingers.  Insert  the  handle  (which  Is  made  of  very  tough  wood) 
into  this  hole.  The  handle  should  be  about  as  long  as  a  man's  arm.  Drive 
it  into  the  hole  as  deeply  as  possible^  and  so  tightly  that  two  men  cannot 
pull  them  apart.    When  the  handle  is  tight,  the  mallet  is  ready  to  use. 

When  all  the  oil  and  water  have  been  pressed  from  the  meal,  take  out  the 
old  bags  and  add  a  new  lot.  The  operation  can  be  repeated  until  all  the 
cooked  meal  has  been  pressed. 

One  further  note;  when  driving  the  wedges,  one  man  should  drive  the  wedge 
on  one  side,  while  another  man  drives  the  wedge  on  the  other  side.  They 
should  strike  their  blows  at  the  same  time.    If  this  is  not  done,  it  is 
possible  that  the  bags  and  wedges  will  buckle,  and  everything  will  be 
pushed  out  of  the  press. 


PAINTING 


Before  paintingi  brush  off  all  loose  dirt,  trashi  vineSi  vegetable  growth, 
etc.    The  soil  should  be  as  firm  as  possible  for  best  results.    It  is 
also  important  to  paint  only  in  dry  weather. 

In  painting  soil  construction  with  sap,  0II1  etc,  make  sure  to  cover  the 
surface  completely.    Fill  the  brush  before  each  stroke.    The  strokes 
should  be  made  horizontally.    Start  painting  at  the  top  of  the  wall,  and 
work  toward  the  bottom.    If  any  of  the  sap  or  oil  runs  down  the  wall, 
brush  it  out  as  you  work  down  the  wall.    It  is  easy  to  tell  if  any  areas 
have  been  left  unpainted  because  these  waterproofing  agents  will  darken 
the  soil.    It  is  much  wiser  to  apply  too  much  agent  \to  the  wall  than  not 
enough:  one  small  unpainted  area  can  absorb  enough  water  to  ruin  the 
rest  of  the  wall.    These  agents  also  may  be  used  on  wood  framing, 
windows,  etc.  ^ 

If  the  soil,  or  wood,  is  wet  or  even  damp,  the  waterproofing  agent  will 
not  stick  well  and  will  not  protect  the  walls. 

While  the  resins  In  sap  and  gums  will  dry  to  a  fairly  hard  film,  the 
oils  will  usually  not  dry  at  all.    But  th^  still  make  the  building  very 
waterproof.    In  fact  these  oils  will  be  effective  waterproofing  agents 
for  a  longer  period  of  time. 

The  easiest  way  to  find  out  if  the  walls  need  repainting  is  to  throw 
water  on  them.    If  the  walls  darken  in  color  (from  absorption  of  water 
by  the  soil),  th^  need  repainting.    If  they  remain  essentially  unchanged 
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in  color,  the  waterproofing  agent  is  still  effective.  If  repainting  is 
needed,  add  a  new  coat  of  waterproofing  agent.  It  does  not  matter  which 
type  of  agent  has  been  applied  first^nor  does  it  matter  which  type  is 
used  for  the  second  or  even  the  third  coat.  Any  type  may  be  applied 
over  the  other  with  good  results.  On  the  average^ these  waterproofing 
agents  should  last  from  one  to  two  years,  depending  upon  the  weather, 
etc. 


GENERAL 


The  classification  of  gums,  resins,  and  oils  is  very  general*    The  gums 
occur  as  solids  as  described  earlier;  the  resins,  while  mentioned,  are 
not  identified  -  they  are  a  component  of  the  sap,  and  remain  as  a  solid 
substance  when  the  sap  dries.    The  oils  are  found  in  virtually  all  seeds 
and  nuts  regardless  of  their  source. 

It  1s  impossible  for  us  to  identify  the  various  trees,  bushes^  vines, 
grasses,  etc,  that  will  provide  the  various  types  of  waterproofing  agents. 
The  selection  of  these  will  have  to  be  entirely  on  a  trial  and  error  method* 
Saps  from  several  different  types  of  trees  often  can  be  mixed  together^  but 
this  too  will  have  to  be  on  a  trial  and  error  basis.    The  gums  can  be  mixed 
with  each  other,  occasionally  with  the  oils,  but  seldom  with  the  saps. 
All  oils  can  be  intermixed;  in  fact,  the  seeds  and  nuts  themselves  can  be 
mixed  together  prior  to  crushing,  and  then  cooked  and  pressed  together. 
Sometimes  oils  can  be  mixed  with  saps»  but  this  will  have  to  be  done  on  a 
trial  and  error  basis. 

While  it  is  easy  enough  to  construct  new  brushes^  it  is  also  very  easy 
to  keep  the  original  brushes  in  good  condition.    Since  water  will  not 
clean  these  brushes,  there  is  no  point  in  trying  to  wash  them.    The  best 
solution  is  to  saturate  each  brush  with  oil,  and  then  place  it  in  a  container 
of  water.    Cover  the  container  so  the  water  cannot  evaporate.    The  oil  will 
prevent  the  resins  and  gums  from  hardening,  and  the  water  will  stop  the 
oil  from  drying. 


Appendix  E 


WORKING  PAPER  ON  THE 
VOLUNTEER  ROLE  IN  GRAIN  STORAGE 


The  following  working  paper  was  originally  presented  at  a  regional 
grain  storage  seminar  held  in  Cotonou,  Benin,  Uest  Africa^  In  1974* 
The  seminar  was  sponsored  by  the  International  Secretariat  of  Volun- 
tary Services,  the  UN  Food  and  Agriculture  Organization,  and  the 
U,S*  Agency  for  International  Oevelopment* 

The  seminar*s  purpose  was  to  encourage  the  Initiation  of  farmer^oriented 
storage  extension  programs  through  the  sharing  of  practical  information 
and  field  experiences*    It  was  attended  by  over  100  participants  from 
nineteen  countries  in  Africa,  Europe*  and  North  America*    A  handbook/re* 
port  was  published,  by  the  German  Agency  for  Technical  Cooperation  Ltd*, 
which  includes  all  working  papers,  discussions  (summarized),  rnd  con- 
struction plans  for  various  silo  and  dryer  models  reviewed  duving  the 
seminar.    Several  of  the  modified  plans  presented  in  this  manual  are 
included  in  the  seminar  report*    It  is  available  from  the  seminar  secre- 
tary, Mr.  Oavid  Dichter*    His  address  Is:    David  Dichter  and  Associates* 
Development  Assistance  Programmes,  9  rue  de  Vermont,  1202  Genevat  Swit* 
zer land. 
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INTRODUCTION 


Since  1967,  the  Aqriculture  Service  of  Dahomey  and  the  United 
States  Peace  Corps  have  collaborated  in  creating,  Imolementing  and 
evolving  a  farm-level  grain  storage  program  in  southern  Dahomey*  Hne 
result  of  this  joint  program  is  the  actual  construction  of  over  two 
hundred  and  fifty  individual  storage  units.    Another  result  is 
seven  years  of  cumulative  experience  in  working  through  some  of 
the  practical  day-to-day  Problems  of  popularizing  new  farm-level  grain 
storage  technology.    This  shared  experience  hy  two  organizations,  one 
a  oovernmental  agency  and  the  other  an  international  volunteer  agency, 
forms  the  basis  for  this  paper. 

The  authors  see  the  Primary  puroose  of  this  Paper  as  a  Pre- 
sentation of  some  of  the  major  considerations  in  the  Planning  and 
establishment  of  a  farm-level  grain  storage  orogram-    Of  secondary 
importance  is  a  brief  history,  attached  as  an  appendix,  of  the 
collaboration  of  the  Agriculture  Service  and  the  ^eace  CorPs  in^ 
evolving  the  Program. 

While  the  authors*  Program  is  limited  to  Dahomey  and  Primarily 
one  type  of  storage  facility;  it  is  hoPed  that  their  practical 
experience  will  be  of  benefit  to  others  initiating  similar  programs, 
regardless  of  the  storage  method  adopted.    The  paper  is  not  an 
instruction  manual  nor  a  "how- to-do-it"  guide  to  popularizing  new 
technigues  in  grain  storage.    Rather,  it  is  a  brief  discussion, 
with  specific  examples  based  on  the  author's  exoerience  of  five 
major  areas  of  concern  in  planning  a  new  grain  storage  oroject; 

1*  Assessment  of  the  Problem 

2.  Choice  of  the  improved  method  to  popularize 

3.  Fi  nancial  considerations 

4.  Stimulating  interest  in  improved  storage  methods 

5.  The  extension  and  integration  of  the  Project  into  the 


1  See  "Construction  Manual  for  the  4.5  Ton  and  2.5  Ton  Cement  Silo 
and  the  Mud  Walled  Rrain  Dryer"  bv  U*  S.  ^eace  Corps  Volunteers, 
October  27,  1974. 


local  infrastructure . 


Part  I,    Assessment  of  the  Problem/ 


The  initial  phase  in  the  planning  of  a  Project  to  improve  grain 
storage  technology  is  an  analysis  of  the  problem  from-the  ooint  of 
view  of  the  farmer  in  the  particular  locality  to  be  served.    He  is 
the  key  Ingredient*    '^ny  program  must  be  based  uDon  realities  as  seen 
by  the  farmer  who  will  be  storing  his  grain. 

In  Dahomey,  the  traditional  corn-arowing  farmer  lives  in  a 
small  village  and  annually  cultivates  up  to  3  hectares  (7  *  i/2  acres) 
by    hand.    His  annual  yield  with  two  growing  seasons  could  be  estimated 
at  600-8D0  kg/hectare  or  a  total  of  1»800-2,400  kg.    This  Is  classic 
subsistence  farming.  Probably  not  unlike  that  of  most  corn-growing 
farmers  in  the  developing  world. 

Traditional  storage  methods.    Initially  in  the  consideration, 
choice  and  planning  of  an  improved  storage  program  It  Is  advisable 
to  analyze  local  traditional  methods  In  order  to  (l)  understand  their 
shortcomings  and  therefore  the  need  .for  Improved  techniques  and  (2) 
Investigate  for  possible  simple,  yet  effective,  Improvements,  Certainly, 
minor  and  effective  changes  to  existing  methods  of  storage  are  easier 
to  popularize  than  the  introduction  of  cojnDlex  and  costly  alternatives. 
For  example,  perhaps  Improved  sealina  of  traditional  granaries  or 
a  broad-based  program  of  Insecticide  treatment  could  have  significant 
Immediate  effects* 

At  any  rate,  the  Important  point  Is  to  think  about  the  traditional 
methods  of  storage  from  the  farmer's  viewooint.    Does  he  find  that  the 
traditional  methods  are  Inefficient?    Does  the  rapid  rate  of  insect 
multiplication  make  It  impossible  to  store  grain  over  a  long  period 
of  time  with  his  traditional  method?    Do  mold  growth  and  rotting  present 
^problems?   What  about  rodents  and  birds?    How  much  grain  does  he  actually 
lose  with  his  traditional  methods  of  storage'? 

Market  Price  Realities,    As  a  practical  matter,  farmers  will  not 
be  Inclined  to  change  their  traditional  storage  methods  unless  there 
will  be  sufficient  financial  returns  from  whatever  additional  labor, 
time  or  cash  Inputs  are  required  by  the  Improved  storage  techniques. 
Therefore,  the  economics  of  the  Improved  technioues  as  affecting  sub- 
sistence farmers  must  be  carefully  studied. 

Local  market  Price  Information  is  needed,    '-'hat  are  the  orlces 
of  grain  at  harvest  time  and  at  the  yearly  high?   Also,  does  the  farmer 
have  large__financ1  al  demands  at  harvest  time?  ^ ^'hat  are  hl  s  sDendlhq 
habits?    Does  he  normally  have  to  sell  his  qrain  before  Prices  have 
started  to  reach  their  seasonal  hlnh?    How  much  fluctuation  Is  there  In 
the  price  on  the  local  market?    ^re  there  other  more  lucrative  markets 
he  can  reach  easiTy?    Is  transportation  of  his  crops  to  the  market  expensive 
or  Impractical? 

There  are  other  economic  and  market  factors  to  consider.  For 
examole.  traditionally,  qrain  In  Dahomey  Is  sold  In  markets  by  volume 
rather  than  by  weight.    This  could  work  aqalnst  the  adoption  of  improved 
storage  methods,    the  improved  quality  of  well -stored  grain,  for  Instance, 
could  bring  few  benefits  if  the  farmer  not  using  improved  methods  can  mix 
a  large  nrooortlon  of  his  damaged  corn  with  aood  grain  and  thus  sell  it 
at  the  same  orice  as  well-stored  qrain* 

529 


E'6 

^milarly*  are  qrain  orices  keeoinq  nace  wi^h  inflationary  orice 
rise  in  the  cost  of  the  new  storage  techniques'^  Also,  increased  trans- 
portation orices,  for  example*  can  reduce  Doter*tial  profits.  In  short* 
the  economies,  that  is,  the  practical  benefits  of  a  new  method,  mu?t  be 
thought  through  from  the  fanner's  standooinc  or,  it  may  fail  to  be 
accepted  because  of  simple  economic  realities. 

Social  Customs  and  Traditions >    Similarly,  local  customs  and 
traditions  should  be  carefully  studied  from  the  farmers  viewpoint  to  see 
wha;.  impact  they  might  have  on  the  introduction  of  a  particular  storage 
technique.    The  use  of  insecticides,  for  examole,  may  require  careful 
olanninn.    If  farmers  are  used  to  leavinq  their  maize  unhusked  durinq 
storaqe,  will  they  resist?    will  insecticide-treated  qrain  have  a  chanqed 
tri^^te  or  odor?    Is  treated  qrain  acceptable  hy  the  farmer  for  his  own 
consumDtion?    Is  it  acceptable  for  sale  locally?    Have  there  been  any 
bdd  experiences  in  the  locality  as  a  result  of  the  misuse  of  insecticides? 

/Another  example  of  the  importance  of  social  customs  is  the  fanner's 
attitude  toward  centralization  of  storaqe  facilities.  Does  ttJe  fanner 
traditionally  build  a  qrainary  in  his  field  and  leave  the  crops  stored 
there  until  needed?  Would  a  central  storaqe  silo  cause  him  transportation 
problems?  'Jill  he  resist  co-operative  storing  because  he  difesn't  want 
his  neiqhhor  to  know  how  much  he  has  produced'^  Social  factors  such  as 
these  can  affect  the  success  of  a  new  storaqe  procfram, 

Havinq  analyzed  the  problems  from  the  point  of  view  of  the  fanner, 
the  nlannina  agency  . or  organization  must  decide  upon  the  scope  of  the 
program  it  hones  to  introduce  and  to  what  extent  it  can  suoport  the  program* 

Personnel  considerations .    The  oroviding  of  new  information  and 
traininq  and  sunport  for  the  introduction  of  improved  storage  methods^ 
requires  considerable  oersonneK    Poes  the  agency  have  sufficient  maifcower? 
Mill  the  personnel  need  training  in  the  new  techniques'^    Mill  voluntary 
extension  oersonnel  be  needed?    To  whom  will  volunteers  be  responsible? 
^^Ihat  will  their  role  be  in  relation  to  the  oermanent  extension  personnel? 
How  will  coordination  be  arranged?    Is  the  organizing  agency  will ing  to 
assign  oermanent  personnel  to  assure  the  success  of  the  phDgram?  Staffing 
and  trainino  therefore,  are  extremelv  imoortant  in  planning  a  new  program. 

Ma  terial  Aval  labil  ity ,    The  suoplv  of  necessary  ma^terlalsjwist-be — '-^ 
assured  as  well.    To  what  extent  is.  the  oroiect  dependent  uoon  vital 
-    materials  which  are  influenced  by  outside  forces,  le.,  regional  or  world 
shortaqes,  inflation.    Cement,  insecticides,  tin  sheetinq,  re-rod,  sand, 

water,  screeninq,  wood    are  they  readily  available?    Who  will  be 

responsible  for  assuring  the  suoply  of  needed  materials?    How  reliable 
is  that  person  or  anency'^    How  reliable  is,  the  supoly?    Lack  of  critical 
items  when  needed  will  undermine  the  farmer's  confidence  in  the  program. 

Tr^insoortation,    Are  local  transportation  facilities  available  and 
adequate  for  the  needs  of  the  program?    If  the/  are  not,  orovisions  for 
vehicle  supnort  must  be  made.    In  such  a  case,  decisions  must  be  made  as 
to  the  use  of  the  vehicles  before  precedents  are  set.  ^  If  farmers  are 
dependent  on  a  pro,iect  to  transport  their  harvests,  this  may  prevent  the 
development  of  local  transport  and  cause  difficulties  when  the  project 
can  no  longer  continue  such  support. 
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CommerctaHzation*    Marketinci  success  of  Qrains  stored  usinq 
improved  methods  wfll  influence  the  rapidity  with  which  those  methods 
are  accepted*    For  example.  If  local  market  prices  do  not  fluctuate 
as  qreatly  as  those  in  urban  centers^  the  sponsoring  agency  may  want 
to  consider  the  planning  and  support  of  Organized  transportation  for 
comnercial ization*    The  program  should  consider  the  available  means  of 
commercialization  and  look  for  improvements  to  enhance  the  value  of  the 
improved  storage  techniques.    For  examolet  the  sponsoring  agency  may  want 
to  reward  farmers  for  the  improved  quality  of  their  grain  by  introducing 
some  system  of  guality  grading  or  sale  by  weight  to  help  popularize  their 
techniques* 

The  above  brief  suirmary  includes  some  of  the  majlor  factors  an 
agency  must  evaluate  in  deciding  at  what  level  it  is  willing  to  and 
capable  of  participating  in  a  orogram  for  new  grain  storane  techniques* 

Having  thus  considered  the  Problem*  one  is  better  oreoared  to  choose 
the  particular  means  of  improving  storage  which  is  best  suited  for  the  new 
program* 
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Tart  II.    Choice  of  the  Improved  Method  to  Popularize 

The  choice  of  an  Improved  storage  technique  for  Dooularization 
should  result  from  an  analysis  of  the  existinq  problems.    Clearly*  the 
economic  fa^ctor  will  weiqh  very  heavily*    In  dealing  with  subsistence- 
level  farmers  with  very  limited  cash  resources,  the  total  cost  of  con- 
struction, repair  and  utilization  of  a  new  technique  must  be  measured 
carefully  against  the  effectiveness  end  Practical  benefit  to  the  fanner. 
This  type  of  calculation  generally  requires  time  for  both  study  and  testing 
of  the  new  method,  two  factors  which  are  Important  to  the  Process  of  choosing 
a  storage  technique. 

Scientific  testing.    The  Importance  of  scl^tlfic  testing  cannot  be 
over-estimated.    Such  analfysis.  before  Introducing  the  new  storage  technique 
to  the  farmer,  can  avoid  many  problems. 

Scientific  testino  lends  authenticity  and  oermlts  the  sponsoring  ' 
agency  to  defend  confidently  such  factors  as  reliability  and  efficiency* 
For  example,  the  Institute  of  '>esearch  for  Tropical  Agriculture  (IRAT). 
in  Hahomevi  has  greatlv  advanced  storage  techniques  In  that  country  by 
Us  testing  of  many  storage  methods,  among  them;  local  grainaries  with 
and  without  insecticides,  cribs,  artificial  dryers,  cement  stave  and  metal 
silos.    The  results  of  these  exoerlments  have  Produced  Information  imoortant 
to  the  planning,  choice  and  po^ricy  of  grain  storage  Programs  In  Dahomey* 

Testinq.  therefore,  is  an  imoortant  step  In  choosing  a  Particular 
method* of  Improved  grain  storage. 

Field  Experience.    Less  formal^  but  equallv  revealing.  Is  field 
exoerimentatTon.    For  examole,  field  trials  can  helo  to  verify  the 
adaptability  of  local  materials  as  substitutes  for  more  obvious  and  costly 
Imported  materials . 

Held  test^  uncover  hidden  oroblems  and  unanticipated  social 
impediments.    They  can  indicate  the  level  of  fanner  Interest  In  the  pro- 
nosed  new  technigue. 

'\n  example  of  the  value  of  field  tests  in  Dahomey  was  demonstrated 
when  they  revealed  that  storage  in  butyl  bags  was  Imoractlcal  because  common 
over-fill inq  caused  bursting,  and  rats  or  sharo  objects  easily  pierced 
the  bag  destroying  its  air  tightness.    In  effect,  the  field  testing  of 
a  new  technigue  provides  a  kind  of  market  samnllng  of  the  locality  before 
larqer-scale  ponularization. 

The  use  of  permanent  extension  agents  or  Volunteers  In  performing  fifeld 
tests  can  be  effective.    In  Dahomey,  for  examole.  Peace  Corps  Volunteers 
performed  useful  field  exoerimentation  in  the  early  years  that  resulted 
1n  much  Practical  information  essential  to  developing  the  grain  storage 
program  here. 

Such  field  experiments  must  he  cearlv  described  as  <uch  to  fanners 
to  avoid  false  impressions  and  to  Dermit  ad.]ustments  of  the  program*  Thus 
protected,  one  can  obtain  valuable  Information  Pertaining  to  such  additional 
Questions  as  (1)  how  much  training  time  and  supervision  is  necessary  to 
assure ^oroper  construction  and/or  orooer  use'^    (2)  can  the  farmer  maintain 
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the  technique  himself?    (3)    are  special  tools  required?    (4)   will  the 
existing  agriculture  extension  systim  support  the  new  technique? 

The  final  choice  of  a  particular  storage  method  to  popularize  will 
be  a  balance  of  many  of  the  factors  previously  discussed  in  the  context 
of  local  conditions.   To  help  tlie  reader  assess  the  various  grain  storaqe 
methods  presented  during  the  seminar,  a  "tab^e  of  consideration"  is  attached 
to  aid  In  one's  analysis.   Participants  can^ill  in  any  information  whic/i 
they  feel  is  pertinent  and  valuable  to  their  specific  purposes. 
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Part  I  IK    Methods  of  Financing  the  Introduction  of  New  Storage  Techniques 

The  organization  of  the  financial  aspects  of  a  new  program  of  improved 
grain  storage  technigues  Is  essential  to  the  smooth  start  of'the  program* 
There  are  several  types  of  financing  available  from  which  to  choose,  among 
which  are  Included: 

1.  Direct  cash  Investment  by  oarticiaating  farmer 

2.  Credit  financing 

3.  Price  supports  , 

4.  firants 

1 .  Direct  cash  investment  by  gartlcipatlnq  farmer 

Cash  payment  for  any  Improved  storage  technique  Is  the  simplest 
and  most  direct  method  of  financing.    It  regulres  a  minimum  of  adininistra- 
tlvei  financial  and  coordinating  burdens  for  the  sponsoring  agency*  Further- 
more! cash  Programs  using  the  personal  .financial  resources  of  ^  the  farmer 
can  be  the  method  of  financing  which  gives  the  widest  and  fastest  Dossibl e 
popularization  of  a  program,  providing  that  they  are  relatively  inexpensive 
and  accessible  to  small  farmers. 

In  countries  with  an  average  annual  per  capita  Income  of  less  than 
$100.  such  as  Dahomey,  many  methods  of  storage  which  are  relatively  lowy 
cost  w^ill  still  be  beyond  the  means  of  the  average  small  fanner.    In  this 
case,  high  cash  reguirements  can  severely  limit  the  scope  of  a  program, 
and  the  speed  of  its  acceptance. 

'  If  the  cost  of  the  new  technique  Is  too  highi  t4ie  benefits  derived 
from  the  Improvements  may  be  concentrated  in  the  hands  of  farmers  at  the 
highest  income  level  or  even  with  merchants  and  civil  servants  who  are 
quick  to  see  the  monetary  advantages  of  improved  storage  methods* 

Thus,  other  methods*  of  financing  will  have  to  be  considered  If  the 
average  farmer  is  to  participate  in  improved  storage  programs*  Lateri 
as  a  result  of  his  use  of  improved  methods,  his  increased  income  may  permit 
him  to  assume  Tuore  financia^l  responsibility  for  additional  improvements* 

2.  Credi  t  Financing 

Credit  financing  can  increase  the  potential  availability  of  Improved 
storage  methods  to  the  low-income  farmer. 

A.        Selection  of  credit  recipients  Is  an  important  consideration*  If 
the  project  uses  financial  criteria  similar  to  those  used  for  bank  loanSi 
most  small  f^armers  will  not  have  sufficient  resources  or  collateral  to 
merit  credit.    In  order  to  make  credit  available  to  those  who  need  it 
most,  without  risking  a  low  rate  of  repaymflnt,  it  may  be  necessary  to  allow^ 
repayment  of  loans  in  k1  nd   or  make  Provisions  for  a  commercialization 
program  for  the  grain  stored. 

To  participate  in  a  credit  program,  a  farmer  should  be  asked  to  show  his 
degree  of  interest  in  the  project,  beforehand.    This  can  be  judged  through 
the  reguiremcnt  of  a  cash  advance  or  the  supplying  of  specific  materials 
or  labor. 
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B.        The  System  of  repayment  of  the  cred^J  loan  should  be  well -planned 
before  the  program  begins*    Provisions  shoi]i1d  be  made  for  ttie  eventuality 
that  a  certain  proportion  of  the  loans  will|  not  be  repaid  sometimes  due 
to  circumstances  beyond  his  control,  such  as  crop  failure*    The'terms  and 
requirements  of  the  credit  program  must  be  clearlv  explained  to  all  farmer 
Participants  and  to  all  extension  personnel  to  assure  that  all  Parties 
concerned  understand  the  responsibilities  being  assumed* 

3*        Price  Supports 

Another  way  of  financing  a  nroqram  of  Imoroved  grain  storage 
techniques  is  by  price  support  contributions  by  the  sponsoring  agency. 
This  is  a  form  of  gift  but  It  Is  for  the  purpose  of  underwriting  the 
program.    For  example,  it  might  involve  granting  a  portion  of  the  cash 
value  of  construction  materials  or  transocrtation  expenses,  the  remainder 
being  paid  for  by  the  Interested  farmer  or  cooperative* 

Price  suoports  can  provide  a  valuable  alternative  to  cash  and 
credit  financing,    esoecially  when  there  are  rapid  Increases  in  the  prices 
of  building  materials  or  insecticides  without  equivalent  Increases  in 
the  prices  that  farmers  receive  for  their  produce*    Price  si/pports  used 
in  con.iunction  with  a  cash  program  can  serve  to  avoid  the  repayment  Problems 
inherent  in  credit,  thus  decreasing  the  administrative  burdens  of  the 
program. 

Un-repayed  credit  becomes  a  gift*    If  a  hiah  percentage  of  reimburse- 
ment cannot  be  assured  by  a  credit  program,  it  might  be  bettet    to  distribu;te 
the  available  financial  resources  through  the  use  of  Price  suooorts*  Thiv 
would  make  it  possible  to  extend  the  benefits  of  the  program  to  more  people* 

A  Price  support  orogram,  while  limited  by  the  resources  available, 
has  many  of  the  advantages  of  a  cash  program*    The  Project  personnel  has  a 
smaller  and  less  complicated  administrative  work-load  than  a  credit  program* 
Another  advantage  is  that  the  Interest  of  the  farmer  is  assured  by  his  cash 
participation. 

4.  Grants 


Rrants  provide  a  means  of  having  oroqrams  quickly  accepted  by 
farmers;  their  scope  is  limited  only  by  the  financial  capabilities  of  the 
granting  agency.    However,  grants  can  Present  problems  to  the  long-term 
development  of  a  orogram.    Hnce  the  oro.iect  funds  have  been  exhausted  for 
grant  financing,  it  may  be  difficult  to  convince  farmers  to  Pay  their  own 
money  for  what  others  have  beer  given  free*    In  this  case,  there  may  be 
a  lag  in  popularization  while  farmers  wait  to  assure  themselves  that  no 
further  gifts  will  be  forthcoming* 

There  Is  another  Problem  that  may  result  from  the  donation  of  a 
grantr  Since  the  investment  by  the  farmer  Is  minimal*  his  InteresJ/in  the 
upkeeo  and  proper  use  of  the  Items  received  mav  also  be  minimal* 

If  grants  for  the  total  cost  of  the  storage  method  are  to  be  given 
to  farmer  participants,  better  results  may  be  assured  by  careful  selection 
of  recipients*  thorough  explanation  of  the  practical  advantages  and  use  of 
the  storage  method,  followed  by  continued  supervision  In  Its  proper  use* 

^  :  ^  —  
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Part  IV,    stimulating  Tnteresf.  in  ImprDved  ?;tDraqe  ^^ethods 

There  are  manv  methods  of  nooularizina  a  new  storaqe  technique  or 
of  stimu]atinq  interest  in  it.    The  manner  in  which  it  is  done  can  directly 
ffect  the  numher  of  farmers  who  will  choose  to  try  the  new  technique. 

It  is  best  that  the  oroaram  be  co*np1etely  planned  before  commencifHI 
active  nooularization  at  the  farmer  level,  in  order  to  avoid  confusion 
or  delays.    For  examPle»  Proiect  field  anents  should  be  trained  and  fully 
informed  about  the  proaram  before  they  beqin  discussina  it  with  fanners* 
The  stpraqe  methpd  should  have  heen  tested.    The  financial  arrangements 
should  be  settled  and  aareed  upon.    Transportation  problems  should  be 
resolved.    Provisions  should  he  made  for  the  rapid  acceptance  and  expansion 
of  the  proqrain.    Once  all  these  matters  are  nreoared,  than  the  popularization 
can  heqin. 

nemonstrati Pn  Methods 

Demonstration  of  improved  storaae  methods  can  he  very  effective  in 
convincing  farmers  to  adoot  the  new  method  for  themselves.  Demonstration 
fnodels  should  be  highly  visible  and  built  to    attract  a  lot  of  attention. 
Possible  locations  for  demonstratipn  sites  are:  near  the  home  pf  an  individual 
farmeri  at  farmers'  copperatives,  at  aqricultural  youth  clubs,  at  aqricultural 
exoositioris  or  on  ouhlicly  owned  land.  ^ 

Imoortant  consi^lerations  in  attractinq  the  farmers'  attention  are: 
Is  the  location  easily  seen?    Is  adequate,  easily  interpreted  information 
provided?    If  it  is  built  for  an  individual  farmeri  is  he  well-respected? 
Nill  he  use  the  site?    ^re  there  local  personnel  available  who  can  exolain 
the  method?    Will  the  site  be  attractive  and  well-maintained? 

On  Farm  nemonstrations 
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Because  of  some  traditional  fanners'  reluctance  to  adopt  new  methodsi 
the  initial  demonstration  sites  may  need  to  be  huilt  on  a  total  qift  or 
price-suPoorted  basis,  perhaos  with  a  quarantee  to  reimburse  any  losses 
in  the  event  of  failure.    However,  when  the  demonstration  site  is  installed 
as  a  nift,  recipients  mav  have  little  stake  in  its  success.    Since  the 
purpose  of  a  demonstration  site  is  to  spread  the  knowledqe  of  good  results, 
special  care  should  be  taken  that  such  sites  are  well  chosen  to  reduce  problems 
of  mis-use  or  abandonment.    It  is  a  qood  idea  for  the  selection  of  farmers 
for  demonstration  sites  to  be  dotie  with  the  aid  of  local  agricultural  extension 
or  government  authorities.    Additionally,  close  supervision  and  careful 
explanation  of  storaqe  techniaues  v/ill  heln  to  assure  aood  results  and  posi- 
tive propaqanda. 

Agricultural  Fxposi tions 

The  hiqh  visibility  offered  by  aqricultural  fairs  presents  an 
excellent  opportunity  for  disnlay,  explanation  and  discussion  of  demon* 
stration  models.    An  explanation  in  the  local  lanqua^e  by  a  farmer  already 
convinced  of  the  method  throuqh  personal  experience  and  success  can  greatly 
increase  the  impact  of  an  agricultural  fair  demonstration*    Fol low^through 
is  increased  hy  handing  out  simnle  flyers  which  briefly  explain  the  storaae 
method  and  give  names  and  addresses  to  contact  for  more  detailed  information 
and  assistance.  53^  ' 
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Demonstration  Sites  oti  Public  Lands 

Sites  near  market  places*  heaith  clinics  or  local  agricultural 
offices  can  be  very  effective  demonstration  locations, -  Since  this  type 
of  site  qenerally  has  no  single  owner  or  Person  responsible  for  its 
operation;  assurance    should  be  made  in  its  Planninq  to  provide  for 
continued  and  proper  use  because  an  unused  storage  unit  can  be  a  bad 
advertisement.    Increased  credibility  and  effectiveness  can  be  provi.ded 
by  assistance  of  local  agricultural  extension  agents  in  demonstration  site 
operation  and  information  dissemination  and  by  invitinO  local  farmers 
to  Participate  In  all  aspects  of  its  use.    Whenever  Possible*  transportatio 
of  interested  fanners  to  a  demonstration  site  can  increase  its  impact. 

Use  of  Radio  and  Newspaoers 

For  more  widespread  Popularization  Purposes*  agricultural  radio 
programs  and  newspapers  can  be  used.    Since  these  methods  lack  the  visual 
impact  and  opportunity  for  Questions  provided  by  actual  demonstration  sites 
explanations  must  be  clearly  and  convincingly  focused  at  the  level  of 
knowledge  of  the  prospective  users*  preferably  in  the  local  lanpua^e  or 
with  simole  self-exPlanatory  diagrams  and  pictures. 

Conclusion 

With  all  of  the  above  methods  for  creating  interest  through 
demonstration  and  infonnation  dissemination*  emphasis  should  be  placed 
on  the  practical  benefit  of  the  new  storage  method  and  all  ooPularizetion 
efforts  should  be  designed  for  high  visibility  and  comprehension  at  the 
level  of  the  farmers  for  whom  the  Project  is  aimed. 
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Part  V.    Integration  into  the  Local  Infrastructure 

A  grain  storage  orogram  can  have  a  more  lasting  and  broader  impact 
if  It  IS  closely  integrated  with  agricultural  extension  services,  fdrmers' 
organizations,  local  craftmen  and  the  local  marketing  structure.  Additionally, 
such  integration  can  reduce  the  program's  organizational  and  logistical 
responsibilities.    For  example,  the  management  of  insecticide  supplies 
might  be  turned  over  to  merchants'  or  farmers*  organizations .  Craftmen, 
once  trained  in  storage  construction  skills,  can  take  over  further  training 
through  apprenticeship  of  younaer  craftsmen.    Agricultural  agents  can  Super- 
vise drying,  treatment  and  storage.    Involvement  at  all  levels  of  the  agri- 
cultural, economic  and  social  sectors  will  help  bring  about  an  integration 
which  hopefully  results  in  adaptation  of  the  storage  method*  ' 

Coordination  with  other  related  Projects  can  also  extend  the  long- 
range  effect  of  a  grain  storage  project.    For  example,  a  broader  more  effective 
base  might  be  gained  by  joining  forces  with  grain  commercialization  proc^ams 
or  improved  production  Projects  which  encourage  the  use  of  fertilizers, 
improved  seeds  and/or  animal  traction.    This  type  of  coordination  can  provide 
complementary  benefits  for  other  sectors  of  activity  as  well* 

To  achieve  real  and  continued  integration,  one  of  the  project's 
conscious  goals  must  be  just  that*  integration.    Contact  between  project 
coordinators  through  regular  meetings  or  freguent  interchange  can  help 
to  keep  communication  goinn  and  to  facilitate  cooperation.    In  addition, 
competent  and  thorough  training  will  increase  the  value  of  the  project 
extension  workers'  contribution  toward  integration.    Training  sessions 
can  be  held  "on  site"  for  direct  experience  or,  in  the  case  of  large  groups, 
short  instruction  courses  can  he  incorporated  at  local  training  institutes 
or  schools . 

Given  the  temporary  nature  of  third-party  developmental  aid,  a 
project  relying  on  this  type  of  support  cannot  expect  to  have  long-term 
duration  if  integration  into  existing  infrastructures  is  not  undertaken. 
The  sooner  integration  begins*  the  less  is  the  risk  caused  by  the  eventual 
or  sudden  loss  of  outside  project  support,  local  participation  and  local 
adaptation. 
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APPENDIX 

Brief  History  of  the  Grain  Storage 
Program  of  the  Agriculture  Service 
of  Dahomey  and  the  \i*  S*  Peace  Corps 

It  was  in  1967  that  the  Agriculture  Service  of  Dahomey  under  the 
Ministry  of  Rural  Development  first  asked  for  U*S*  Peace  Corps  volunteers 
to  assist  it  in  implementing  a  new  program  of  grain  conservation  at  the 
farm  level  in  southern  Dahomey*    Problems  with  grain  storage  had  always 
been  acute  in  Dahomey* 

The  vast  majority  of  maize  oroduced  annually  in  Dahomey  is  grown 
in  the  southern  half  of  the  country  where  there  is  constantly  high 
humidity  and  temperatures  which  foster  rotting  as  well  as  the  multipli*  1 
cation  of  maize-consuminq  insects.    The  traditional  method  of  storage  in  \ 
southern  Dahomey  is  in  loosely-woven  Palm  thatched  granaries  raised  on 
wooden  stilts.    The  only  real  protection  against  attack  by  rodents  and 
insects  is  offered  by  the  husk  on  each  ear  of  maize,  resulting  in  309£ 
average  loss  of  the  300»000  tons  approximate  annual  oroduction*  The 
estimated  value  of  niaize  lost  annually  to  the  combined  effects  of  insects, 
rodents  and  rot  is  a  minimum  of  600iOOO,000  CFA  (about  SSmillion)* 

The  idea  behind  the  original  reguest  was  to  introduce  to  individual 
fanners  the  use  of  the  insecticide,  Phostoxin,  with  steel  drums  and  butyl 
sacks  furnished  by  the  Office  of  Agricultural  Commercialization  of  Dahomey 
(now  S.O.C.A.D.)  under  a  grant  by  US  AID. 

Thus,  the  initial  imoetus  to  the  project  was  aimed  at  popularizing 
a  new  storage  technique  at  the  fami  level.    It  also  entailed  assessment  of 
traditional  systems  of  storage  and  experimentation  with  a  variety  of  potential 
improved  methods  of  storage,    one  of  these  methods  was  the  cement  stave  silo, 
adapted  from  larger  models  used  in  the  United  States,  and  the  mud-walled 
Brooks  dryer,  developed  at  Ibadani  Nigeria,  and  adopted  by  the  Institute  of 
Research  of  Trooical  Agriculture  (KR*A.T.)  at  Niaouli,  Dahomey* 

Since  the  process  of  artificial  drying  and  storage  in  a  new  type 
of  silo  was  experimental,  and  the  results  could  not  be  guaranteed,  the 
maloritv  of  the  expenses  of  constructing  the  first  units  for  Individual 
pilot  farmers  were  paid  for  by  the  IKS*  Embassy  Self-Help  Fund. 

Over  the  first  few  years,  the  Agricultural  Service  and  the  Volunteers 
constantly  tried  modifications  1n  the  design  of  the  silos  and  dryers.  During 
this  period  of  experimentation  Oahomean  Aoricultural  extension  agents  and 
local  officials  offered  their  help  and  advice.    Cumulative  results  of  field 
testing  did  indicate  to  the  Agricultural  Service  and  the  Peace  Corps  that 
the  Cement  stave  silo  merited  carefully  controlled  scientific  experimpntation 
to  determine  its  reliability  of  oerformance. 

By  1971,  it  was  clear  that  (l)  farmers  in  Southern  Dahomey  were 
ready  to  accept  new  methods  of  storing  corn,  (2)  the  earthen  dryer  was 
effective  and  had  potential  for  oooularization,  and  (3)  there  were  two 
types  of  silos      cement  stave  and  sheet  metal  (the  latter  developed  by 
I.R.A.T.)  which  appeared  promisino  for  farm  level  storage. 
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At  this  point,  it  was  decided  by  the  Agricultural  Service*  the 
Peace  Corps  and  l.R.A.T.  that  controlled  tests  should  be  performed* 
Accordingly,  an  experiment  was  installed  at  the  I*R*A.T*  station  at  Niaouli* 
Twelve  cement  stave  silos  and  twelve  sheet  metal  silos  were  built  and  placed 
under  a  large  shelter.    The  silos  were  filled  at  the  end  of  October*  1971* 
periodically  tested  awd  emotied  in  June  1972.    They  were  then  refilled  with 
new  maize  in  November*  1972,  similarlv  tested  and  emptied  in  May*  1973. 
The  results  of  these  trials  demonstrated  that  both  tyoes  of  silos*  if 
treated  with  insecticide,  store  maize  extremely  well*    It  was  determined 
that  maize  dried  to  a  moisture  content  of  1  256  and  treated  with  any  of  a 
variety  of  insecticides  could  be  stored  in  cement  stave  silos  for  at  least 
six  mof^^hs  with  average  losses  of  not  more  than  3  percent. 

Durinq  this  time,  volunteers  had  been  worki ng  with  local  agricultural 
officials  to  popularize  and  build  silos  and  dryers  for  interested  farmers 
who  could  afford  the  units  which  had  an  averaqe  cost  of  $70-$80  (without 
expensive  tin  roofed  shelter^    It  was  after  the  I.R.A.T.  tests  that  the 
director  of  the  Oahomean  Agricultural  Service  decided  to  officially  adopt 
this  system,  and  the  National  Cereals  Commission  of  Dahomey  committed  5  million 
CfA  ($20,000)  for  the  credit  construction  of  100  storage  units  for  individual 
farmers  each  consisting  of  a  4.5  ton  cement  stave  silo,  an  earthen  dryer* 
and  a  tin-roofed  shelter.    The  first  ten  units  were  built  in  the  region 
of  Sak^t^,  under  the  supervision  of  a  technical  agent  of  the  Agricultural 
Service  and  a  Peace  Corps  Volunteer,    These  completed  units  were  officially 
accepted  by  the  Minister  of  f^ural  Development  and  Cooperative  Action  in 
June*  1974,  and  work  has  been  authorized  on  construction  of  another  twenty 
in  the  three  southern  provinces  of  Dahomey* 

The  National  Cereals  Commission  has  established  criteria  for  the 
100  farmers  who  are  to  receive  this  credit.    The  participants  must: 

1 ,  be  a  farmer 

2,  cultivate  at  least  two  hectares  (5  acres)  of  maize  per  year 

3,  reside  in  the  district  where  the  silo  is  to  be  built 

4,  be  recoonized  by  local  agricultural  agents  as  a  Progressive 
and  cooperative  individual 

f>.    be  willing  to  sign  a  contract  for  the  reoayment  of  the  loan 
6,    make  a  10,000  CFA  ($40)  cash  advance  as  an  indication  of 
serious  intent- 

The  loan  is  to  be  paid  off  in  six  egual  annual  payments  at  2% 
interest.    Payment  can  be  made  in  cash  or  the  equivalent  value  of  maize 
at  a  Pre-determi ned  value  of  25  cfa/ka  (the  averaqe  orice  of  maize  at  the 
time  of  harvest  has  been  from  6  to  10  cfa/kq). 

Over  the  years,  the  collaboration  has  arown  between  the  Peace  CorPs 
tind  the  Agricultural  Service  and  particularly  its  Division  of  Crop  Pro- 
tection which  has  a  supervisory  role  with  respect  to  the  volunteers. 
Requests  for  and  assignment  of  volunteers  is  handled  through  these  offices* 
A  volunteer  with  experience  in  the  orogram  in  Dahomey  has  traditionally 
been  designated  as  "Coordinator'*  by  the  Dahomean  officials  and  Peace 
Corps  staff,  and  he  acts  as  a  liaison  between  the  grain  storage  volunteers 
in  the  field,  the  Peace  Corps  staff  in  Cotonou*  and  the  government  agri- 
cultural officials  in  Porto-Novo,    The  Peace  CorPs,  besides  furnishing 
volunteers,  has  helped  find  outside  funding  for  program  related  projects* 
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The  information  in  this  manual  is  not  and  can  not  be  complete.  The 
Information  presented  here  cannot  be  imnedlately  applicable  or  appro* 
priate  to  all  regions  or  to  every  storage  need.    You  may  well  require 
further  technical  assistance  In  adapting  these  materials  and  others 
to  your  grain  storage  situation.    Some  of  that  help  can  come  from 
books;  much»  from  organizations  and  people. 

The  Tropical  Products  Institute  (TPI)  may  already  be  a  familiar  name 
to  you.    This  agency  does  a  great  deal  to  gather  and  distribute  infor- 
mation worldwide  on  grain  and  grain  storage  problems.  Materials  from 
the  TPI  library  have  been  of  great  value  In  the  preparation  of  this 
manual.  ' 

Peace  Corps  and  VITA  are  grateful  to  TPI  for  iis  permission  to  reprint 
that  agency*s  bibliography  of  materials  on  the  various  aspects  of  farm- 
level  grain  storage. 
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This  bibliography  has  been  produced  by  the  Tropical  Products  Inrtitute,  a  British 
Government  organization  which  helps  devftloprng  countries  to  derive  greatier  benefits 
from  their  renewable  resources. 
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Tropical  Stored  Products  Centre 
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London  Road 
Slough  SL3  7HL 
Bucks* 
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Conversion  Tables 


Simple  methods  are  given  here  for 
converting  English  and  metric  units 
of  measurement.    Follwing  these  Is 
a  series  of  useful  conversion  tables 
for  units  of  area,  volume,  weight, 
pressure  and  power. 
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LENGTH  CONVERSION  * 


The  chart  in  Figure  3  is  useful 
for  quick  conversion  from  meters  and 
centimeters  to  feet  and  inches*  or 
vice  versa.  For  more  accurate  results 
and  for  distances  greater  than  3  meters* 
use  either  the  tables  in  Figure  2  or 
the  equations. 

The  chart  in  Figure  3  has  metric  divi- 
sions of  one  centimeter  to  three  meters, 
and  English  units  in  inches  and  feet 
to  ten  feet.  It  is  accurate  to  about 
plus  or  minus  one  centimeter. 

Example^  ^ 

An  example  will  explain  how  to  use 
the  tables.    Suppose  you  wish  to  find 
how  many  inches  are  equal  to  66cm.  On 
the  '^Centimeters  Into  Inches**  table  look 
down  the  leftmost  column  to  60cm  and  then 
right  to  the  column  headed  6cm.  This 
gives  the  result,  25,984  inches. 


Equations : 

1  inch  = 
1  foot  = 

1  yard  = 
1  mile  ' 

1cm  « 
Im 

Ikm 


FIGURE  1 


=  2.&4cm 
=  30.48cm 
=  0.3048m 
=  91.44cm 
=  0.9144m 
=  1.607km 
=  5280  feet 
"  0.3937  inches 
=  39. 37  inches 
"3.28  feet 
=  0.62137  miles 
=  1000  meters 


Inchxs  into  ctNTimTEM 
(1  in.  =  2.639977  cm.) 


FIGURE  2 
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WEIGHT  CONVERSION 

The  chart  in  Figure  5  converts  pounds 
and  ounces  to  kilograms  and  grains  or 
vice  versa.    For  weights  greater  than 
tZii  pounds,  or  more  accurate  results » 
use  the  tables  (Figure  4)  or  conversion 
equations.    See  "Length  Conversion/' 
Figure  2,  for  an  example  of  the  use  of 
the  tables. 

On  the  charts  notice  that  there  are 
sixteen  divisions  for  each  pound  to 
represent  ounces.    There  are  100  divi- 
sions only  in  the  first  kilogram,  and 
each  division  represents  ten  grams. 
The  chart  is  accurate  to  about  plus 
or  minus  twenty  grams. 


FIGURE  5 


Equations : 

1  ounce 

1  pound 

1  gram 

1  gram 


28.35  grams 
0,4536  kilograms 
0,03527  ounce 
2,205  pounds 


FIGURE  4 


KtLOORAUS  INTO  POUNpa 

0  kit.  =  2,2We3lbJ 
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FOWDS  INTO  KtLOORAH^ 

(1  lb.  =  0.45369  kjt  ) 
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FIGURE  1 


TEMPERATURE  CONVERSION 

The  chart  in  Figure  1  is  useful  for 
Quick  c&nverslon  from  degrees  Celsius 
(Centigrade)  to  degrees  Fahrenheit  and 
vice  versa.  Although  the  chart  Is  fast 
and  handy,  you  must  use  the  equations 
below  If  your  ansvfer  must  be  accurate 
to  within  one  degree. 

Equati ons: 

Degrees  Celsius  »  5/9  x  (Oegrees 
Fahrenheit  -32) 

Degrees  Fahrenheit  =  1.8  x  (Degrees 
Celsius)  +32  / 

Example:  / 

This  example  may  help  to/clarify  the 
use  of  the  equations;  72F  equals  how 
many  degrees  Celsius?  / 

72F  =  5/g  (Degrees  F  -32) 

72F  =  5/g  iU  -32) 

72F  =  5/g  (40) 

72F  -  22. 2C 

Notice  that  the  chart  reads  22C,  an 
error  of  about  0.2C. 
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Conversion  Tables 


Units  of  Area 
1  Square  Mile 
1  Square  Kilometer 
1  Acre 

1  Square  Foot 
1  Square  Inch 
1  Square  Meter 
1  Square  Centimeter 


640  Acres  >  2.5899  Square  Kilontsters 

1.000.000  Square  Meters   "  0.3861  Square  Mile 
43,560  Square  Feet 

144  Square  Inches  ^  0.0929  Square  Meter 

6.452  Square  Centimeters 
10.764  Square  Feet 
0.155  Square  Inch 


Units  of  Volume 

1.0  Cubic  Foot         =  1728  Cubic  Inches 
1.0  British  Imperial  Gallon  »  1.2  U.S.  Gallons 
1.0  Cubic  Meter       =  35.314  Cubic  Feet 
1.0  Liter  >  1000  Cubic  Centimeters 


Units  of  Weight 
1.0  Metric  Ton 
1.0  Kilogram 
1.0  Short  Ton 


'  1000  Kilograms 
=  1000  Grams 
'  2000  Pounds 


=  7.48  U.S.  Gallons 

=  264.2  U.S.  Gallons 
«  0.2642  U.S.  Gallons 

2204.6  Pounds 
"  2.2046  Pounds 
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Conversion  Tables 


Un I ts  of  Pressure 

1.0  Pound  per  square  Inch 

1.0  Pound  per  square  inch 

1.0  Pound  per  square  inch 

1.0  Pound  per  square  inch 

1 .0  Atmosphere 

\ .0  ' 'mosphere 

1.0  Foot  of  Water  =  0.433  PSI 

1.0  Kilogram  per  square  centimeter 

1.0  Pound  per  square  inch 


U4  Pounds  per  square  foot 

27.7  Inches  of  Water* 

2.31  Feet  of  Water* 

2.042  Inches  of  Mercury* 

14.7  Pounds  per  square  inch  (PSI) 

33.95  Feet  of  Water 

62.355  Pounds  per  square  foot 

14.223  Pounds  per  square  inch 

0.0703  Kilogram  per  square  centimeter 


*  at  62  degrees  Fahrenheit  (16.6  degrees  Celsius) 


Uni  ts  of  Power 

1.0  Horsepower  (English) 

1.0  Horsepower  (English) 

1.0  Horsepower  (English) 

1.0  Kilowatt  (KW)  ^  1000  Watts 

1.0  Horsepower  (English) 

1.0  Metric  Horsepower 

1.0  Metric  Horsepower 


=  746  Watts  ^  0.746  Kilowatt  (KW) 

^  550  Foot  Pounds  per  second 

=  33»000  Foot  Pounds  per  minute 

=  1.34  Horsepower  (HP)  English 

-  K0139  Metric  Horsepower  (cheval-vfipeur) 

=  75  Meters  X  Kilogram/Second 

=  0.736  Kilowatt  =  736  Watts 
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since  !9&1  when  the  Peace  Corps         crMted»  ftore  thin  80,000  U.S.  cltlxens  have  lerved 
a«  Volunteetfi  In  developing  countrlett  living         working  uong  the  peopl-^- of  the  Third 
World  afi  colleagues  «nd  co*vork«r£.    Today  6000  PCVs  ire  Involved  in  progr^tat  designed 
to  ticlp  strengthen  locil  capacity  to  id^retG  «uch  furi^aaental  concerns  %%  t^c4, 
production^  water  supply,  energy  develofnent »  nutrition  •nd  health  education  and 
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